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S U M M A R Y 
P A R T - I 
Lithium aluminiiiin hydride-altiminium chloride 
(1:1, AlHgCl) reduction of 3(3.-acetoxy-6,6-ethylenedioxy-
5^-choleDtane (I), o,3-ethylenedioxycholest-5-ene (II), 
SiS-ethylenedioxy-SoC-cholestane (III), 6,6-ethylenedioxy-
SoC-cholestane (IV), l'-methyl-5,3~ethylenedioxycholest-5-
ene (V) and 3p-chloro-6,6-ethylenedioxy-5o<--cholestane (VI) 
gave the glycol ethers (VII), (VIIl), (IX), (X), (XI) and 
(XII), respectively. The structures of these products 
have been established by their spectral properties and 
chemical transformations, as shown below: 
(i) LiAlH^»AIGl3 Reduction of 3^-acetoxy-6,6-
ethylenedioxy~5o<"Chole8tane (I)» 
'O 
( I ) 
LiAlH, 
nmn 
Ac^O 
pyridine 
CHgOHgOH 
(VII) 
AcO 
OCHgCHgOAc 
(ii) LIAIH^-AIGI^ Reduction of 5.3-ethvlenedioxychole3t~ 
5~ene (II). 
AlCl, 
TsCl-
pyyiain^ 
(CH2)20H (bH2)20Ts 
(II) (VIII) (XY) 
(CH2)20Ac 
(XX) 
BP3-AC2O 
0 k© Jones reagent liAlH, 
CH2-COOH 
(XVIII) 
CH2N2 
Nt' 
(XVI) 
A 
GHgCHgOH 
AcO 
(XXI) 
Ig-COOMe 
(XIX) (XVII) 
(ii) 
(iii) LiAlH^-AlOlg Reduction of 3«5~ethylenedioxy~5o(-
cholestane (III)^  
LiAlH^-
AlGl, 
(iH2)20H 
(III) (IX) 
ACgO-Pyridine 
((^2)20 AC 
( m v ) (i) BP3-AC2O (ii) "OH 
(CH2)20H 
(VIII) 
Jones reagent 
CHg-GOOH 
( m i ) 
IHp-COOMe 
(mil) 
(iv) XiAlH^-AlClg Reduction of 6,6~ethylenedioxy-.5o<-
cholestane (IV). 
Pyri diiie 
0(CH2)20H 
(IV) (X) 
)(CH2)20AC 
(XXVIII) 
(iii) 
BP3-AC2O 
reaction 
(v) LiAIH^«AlGl3 Reduction of I'-metliyl-S.S-ettiylene-
dioxycholest->5-ene (Y). 
LiAlH.-a > 
? 
TsCl-
?y riding 
CH^-CH-CHgOH GHg-OT-GHgOTs 
(V) (XI) (XXIX) 
AOgO-Pyridine Jones reagent 
OHg-CH-CHgOAc 
(XXXIII) 
BF3-AC2O 
(XXI) 
(CH3)gCH0 
-COOH 
CJHg-tlH-COOMe 
(XXXII) 
LiAlH, 
(XXX) 
A (CH3)2CH0H 
(XVII) 
(iv) 
(vi) LiAlH^-AlGlg Reduction of 3g>»cfalor0-6,6-. 
ethylenedioxv-So^-choleetane (VI)» 
(VI) 
B1 
No reaction < ^^ q 
2 
OCHgCHgOAc 
^ <j(0H2)20H 
(XII) (X) 
ACgO-Pyridine 
(XXXIV) 
Sof,5o<-Cyclo-6,6-ethylenedioxycholestane (XXXV) 
showed different behaviour towards 'mixed hydride' (LiAlH^-
AlClg) and yielded 3o^ ,5o(-.cyclocholest-6-ene (XXXVI) and 
2*-hydroxyethoxy)cholest-5-ene (VIII). 
(XXXV) (XXXVI) 
(CH2)20H 
(VIII) 
(v) 
Synthesis of steroidal p-hydroxyethers by the 
reaction, of steroidal p-toluenesulphonate esters with 
glycols was also atten^ t^ed. 
The reaction of cholesteryl tosylate (XVII) with 
ethylene glycol in dioxan led to the formation of the 
hydroayether (YIII) but similar treatment of Scxf-chQlest^  
6o(-and Sptosylates, (XXXVII) ajid (XXXVIII), gave mainly 
the product of elimination (XXXIX). 
(XVII) 
HOCHgCHgOH 
dioxan > 
(CH2)20H 
(VIII) 
OTs 
(XXXVII) (XXXIX) (XXXVIII) 
A mechanism of the hydrogenolysis of steroidal 
cyclic ketals with LiAlH^-AlClg combination has been 
presented in the light of the results obtained. Formation 
(vi) 
ofR-oriented hydroxyether in each case studied suggests 
that the course of the reduction is governed by 'steric 
approach control' • 
P A R T - II 
The Schmidt reaction of cholesta-4,6-dien-3-one 
(XL) gave 3-aza-A-homocholesta-4a,6-dien—4-one (XLI). 
It was observed that 6p.-broniocholest-4-en-3-one (XLII) 
under similar reaction conditions gave the same lactam 
(XLI). 
'NaW, 
(XL) 
PPT 
(XLI) (XLII) 
The Beckmann rearrangement of cholesta-4,6-dien-
3-one 03d.me (XLIII) by the method of Craig and Naik also 
afforded 3-aza-A-homocholesta-4a,6-dien-4-one (XLI). The 
structure of the lactam (XLI) was determined by (a) its 
spectral properties and (b) by its conversion to previously 
known 3-aza-A-homo-5o<-cholestan-4-one (XMV) by catalytic 
(vii) 
hydrogenation, 
HON 
(i) p-TsCl 
(ii; alumirt^  
(XIIII) (XLI) (XLlv) 
(viii) 
INTEODUCTIOBT 
Since the appearance in 1947 of the first papers 
concerning the preparation and properties of lithium 
aluminium hydride^ and its application to reductions of 
P 
organic functional groups , the area of complex metal 
hydride reductions has grovm at a phenomenal rate. The 
full scope and limitations of conqalex metal hydride reduc-
tions have been the subject of a number of reviews during 
this period of growth . Although other complex metal 
hydrides such as aluminium and beryllium borohydrides 
have been described since that time, by far the greater 
number of applications in organic syntheses have been 
reported utilizing lithium aluminium hydride, liAlH^, 
and sodium borohydride, NaBH^. Their frequent use has 
undoubtedly been related to their relative stability, 
ease of handling, and accessibility. 
Lithium aluminium hydride has proved a versatile 
reagent for reduction of many organic functional groups 
with the notable exceptions of ether linkages and carbon-
carbon multiple bonds. In contrast to the non-selective 
LiAlH^, sodium borohydride has proved a reagent for the 
selective reduction of aldehydes, ketones and acid halides, 
- 2 -
Not long after the introduction of each of these reducing 
agents, chemists began to seek modifications to enhance 
their versatility and selectivity• These modifications 
have generally involved the addition of Lewis acids such 
as aluminium chloride and boron trifluoride to the conqplex 
metal hydrides. Such a combination of Lewis acid and 
LiAlH^ or UaBH^ has come to be known as a 'mixed hydride*. 
In addition to the availability of the mixed hydrides, 
the versatility of LiAlH^ and UaBH^ has been enhanced by 
the development of the alkoxy substituted complex hydrides, 
M Al Hj^  ^ ^ M B Hj^  (OR)^ j^^ , as selective reducing 
agents. Add to this complement of reducing reagents 
diborane and aluminium hydride and the chenist has a wide 
array of boron and aluminium hydrides available for the 
reduction of organic functional groups. 
More recent reviews of the chemistry of the mixed 
hydride of LiAlH^ and AlClg have been published by Bliel^ *'''. 
8 9 
Surv^s of reductions with aluminium hydride * and 
diborane^® are available. 
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WATURE OF THE MIXED HYDRIDES 
A. Lithium Aluminium Hydride and Aluminium Halides. 
The best understood of the mixed hydrides is that 
prepared hy treatment of aluminium chloride with lithium 
aluminium hydride. Although a mixed hydride has been 
prepared from various ratios of LiAlH^ and AlClj, those 
prepared from hydride and chloride in ratios of 3:1, 1:1, 
1:3 and 1:4 have been utilized for reduction most frequently. 
The first three of these ratios correspond to the stoi-
chiometric ratios in Equations (1-3)* 
3 LiAlH^ + AIOI3 > 3 MCI + 3 AIH3 (1) 
liAlH^ + AICI3 > liCl + 2 AlHgCl (2) 
LiAlH^ + 3 AlClg ^ LiCl + 4 AlHClg (3) 
The formation of aluminium hydride in Equation (1), has 
been demonstrated by Schlesinger et al.^ and Wiberg et alJ"^  
If the reaction is carried out in diethyl ether, the preci-
pitated lithium chloride may be removed by filtration, 
1 1 1 
Unfortunately, a rapid polymerization * of aluminium 
hydride ensues, and within minutes of mixing_ the reagents, 
the polymer begins to precipitate from solution. 
nAlHg > (AlHg)^ 
The monomeric species may be stabilized in solution 
- 4 -
by addition of tetrahydrofaran (THF)^^, 
(A 1 H 2 ) j ^ + n T H F ^ n A L H G . I E H F 
A direct preparation of aluminium hydride in tetrahydro-
faran from LiAlH^ and 100^ sulphuric acid has been described 
o by Brown and Yoon • 
2 LiAlH^ + HgSO^ -JSI^ * ^ + 
The ethereal aluminium hydride msor also be stabi-
lized by the addition of 1 mole of aluminium chloride 
with the production of AlgHgClg^®*^^. 
A I H 3 + A I C I 3 > A I 2 H 3 C I 3 
Addition of 2 moles of aluminium chloride proceeds with 
14 the formation of aluminium dichlorohydride . 
A I H 3 + 2 A I C I 3 ^ 3 AlHClg 
Whereas addition of I/2 mole of aluminium chloride leads 
to the formation of polymeric aluminium hydride and 
AlgHgClg, rather than the 'unstable* AlHgCl^^^ 
2 AlH, + A1C1„ / > 3 AlHpCl 
2 A I H 3 + A I C I 3 > (A1H3)J ^ AI2H3CI3 
Ashby and Prather^® have provided confirming 
evidence for the stoichiometry shown in Equation (1) 
and conclusive evidence for the formation of the alumin-
ium chlorohydrides as shown in Equations (2) and (3). 
- 5 -
EacJl of the hydrides was isolated and each was identified 
by elemental analysis and by formation of triethylaminates, 
AlHj^Clj^j^.NCCHgCHj)^, These authors suggest that as the 
hydride is added to the aluminium chloride, AlHClg is 
first formed. As the amount of LiAlH^ is increased, 
AlHClg disappears and AlHgCl is formed. Ultimatelyj at 
a hydride - chloride ratio of 3il, AlH^ is formed. 
AlClg > AlHClg ^ AlHgCl ^ — ^ AlHg (4) 
1.6 
Brown and coworkers have now shown that these species 
do in fact exist in ethereal solution and that the conver-
sion of aluminium chloride to aluminium hydride occurs as 
shown in Equation (4). Furthermore, they have demonstrated 
that the conversions are reversible, i.e., aluminium 
hydride may be converted to aluminitm chlorohydrides by 
addition of aluminium chloride. 
15 
Ashby and Prather also suggest that the reason 
for the rather startling failure of the ether-insoluble 
lithium chloride to precipitate, Equations (2) and (3), 
at low hydride-halide ratios is due to complex formation 
between lithium chloride and the aluminium chlorohydrides. 
In many reductions, particularly in those studied 
by Eliel and coworkers®, the ratio of hydride to chloride 
is 1:4. Ashby and Prather^® have confirmed the earlier 
assun^tion that this reagent, and those of lower ratios 
- 6 -
of hydride to chloride, merely contains aluminium dichloro-
hydride and an excess of aluminium chloride, 
LiiaU^ + 4 AICI3 > liCl + 4 AlHClg + A I C I 3 (5) 
the soluble lithium chloride being con5)lexed with either 
AlHClg or AlClg^ 
H i el and Brett^ ''' had earlier reported some 
evidence indicative of AlHClg as the product of Equation 
(5). Treatment of a mixture of cis- and trans-4-methoxy-
cyclohexanol with the mixed hydride prepared from LiAlH^ 
with AlClj (ij4 mole ratio) gave only the cis-chelate (1), 
CI 
CI 
(I) (II) 
Similar treatment of cis- and trans-3-methoxycyclohexanol 
gave only the cis-chelate (ll)« In each case the isolated 
chelate (and Hg) could have been formed by reactions of 
the alcohol and AlHClg 
Based on the work of Ashby and Prather^®, the 
stoichiometric Equations (1-3) may be equally well applied 
to the mixed hydrides produced from LiAlH^ and AlBr3 or 
AII3. The etherates of AlHBrg and AlHIg have previously 
- 7 -
18 19 
been described by Wiberg and Schmidt but were 
prepared by the redistribution of 1 mole of aluminium 
hydride and 2 moles of aluminium halide. Unlike AlHgCl, 
AlHgBr and AlHgl could be prepared by redistribution of 
2 moles of aluminium hydride and 1 mole of aluminium 
halide^' 
There would seem to be little doubt as to the 
nature of these mixed hydrides. However, a somewhat per-
plexing contradictiibn.idoes exist, Evans and coworkers 
have studied the conductometric titration of LiAlH^ with 
20 21 aluminium chloride and aluminium iodide and have 
concluded that ionic species intervene in the formation 
of both AlHgCl and AlH^I. Their evidence also indicates 
that AlHClg and AlHX^ g are 'not* intermediates in the 
formation of AlHgCl and AlHgl. Evan*s data have been 
22 verified by Arkhipov and Mukheeva and his procedure 
23 
extended to aluminium bromide • A rationale of the 
intervention of the ionic species has not been offered^®. 
B, Lithium Aluminium Hydride and Boron Halides* 
OA 1 
Boron trifluoride , boron trichloride and boron 
tribromide^® are each known to react with LiAlH^ in 
diethyl ether to produce diborane. 
3 LiAlH^ + 4BX3 ^ 3 liX + 3 AIX3 + 2BgHg 
- 8 -
jta unusual effect of the mode of addition is 
observed in this reaction. If boron halide is added to 
LiAlH^, diborane is not generated until three-fourths of 
the halide has been added. If, however, the addition is 
reversed, diborane is generated smoothly at once. Ashby 
has suggested an interpretation of the former result in 
terms of an initial formation of diborane which is conver-
ted by XiiAlH^  (present in excess) to lithium borohydride, 
LiBH^, aluminium borohydride, aKBH^)^, and lithium di-
borohydride, LiBgH,^ . As addition of the last quarter of 
halide is begun, each of these species reacts with BX^ to 
form BgHg. If the LiAlH^ is added to boron halide, the 
excess of boron halide allows for the immediate generation 
of BgHg. 
Unlike reductions with LiAlH^ and the aluminium 
halides, in which the mixed hydrides are preformed prior 
to addition of the organic substrate, reductions with 
ItiAlH^  and boron halides have usually been performed by 
one of the two alternative methods. Either the substrate 
and halide are added to the hydride or the hydride and 
substrate are added to the boron halide. These techniques 
do not lend themselves to an exact definition of the 
nature of the reducing agent for it is then possible that 
SgHg, Al(BH^)g, MBH4, and/or LiBgH.^, might be the active 
reducing agent. 
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When this mixed hydride is preformed in tetrahydro-
fUran, in which diborane is very soluljle, there seems 
little doubt that the reducing species is diborane, 
C. Sodium Borohydride and Aluminium Halides, 
Of the aluminium halides, only aluminium chloride 
has been widely used with sodium borohydride. The nature 
of the hydride produced from these reagents is open to 
question. It is known that 1 mole of aluminium chloride 
(and bromide) and 3 moles of WaBH^ undergo a mathematical 
27 reaction with the formation of aluminium borohydride • 
3 NaBH^ + AlClg > 3 NaCl + AKBH^)^ (6) 
Reductions with this mixed hydride have been 
conducted in diglyme. Sodium chloride is insoluble in 
this solvent, yet no precipitate is observed when the 
hydride and sodium borohydride are mixed in the stoichio-
no 
metric ratio of Equation {6) , This discrepancy has been 
obviated by assuming that Equation (6) is an equilibrium 
lying far to the left, in which case the reduction proceeds 
by reaction of small amounts of aKBH^)^, the supply of 
which is replenished by a shift of the equilibrium to the po 
right . It is also possible that Equation (6) is entirely 
inapplicable in reductions with mixed l^drides. 
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In a ratio of these reagents of iJl, the nature of 
the hydride is also open to question. Although AlCBH^)^ 
27 
is formed at this ratio , aluminium dichloroborohydride 
may also be considered a possible reducing species, 
NaBH^ + AICI3 > NaCl + Al(BH4)Cl2 
Such a species is considered an intermediate in the forma-
tion of aluminium borohydride from aluminium chloride and 
NaBH^ and LiBH^^S^ 
As in the case of lithium aluminium hydride and 
boron trifluoride, an exact description of the mixed 
hydride is con^licated because the mixed hydride is not 
preformed before addition of the organic substrates. Even 
if Equation (6) were applicable, all precursors of Al(BH^)g 
must be considered as possible reducing agents. 
Sodium Borohydride and Boron Halides. 
Diborane is formed quantitatively by the reaction 
of NaBH^ and boron trifluoride^®'^^. 
SNaBH^  + 4BP3J 0(C2H5)2 ) SNaBP^  + BB^ S^  + 4(02Sg)20 - - (7 ) 
If boron trifluoride etherate is added to sodium 
borohydride, diborane is not generated until one-half of 
the boron trifluoride has been added, owing to the forma-
tion of sodium diborohydride®^, 
2 NaBH^ + BgHg — ^ 2 NaB^B^ 
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Further addition of the halide causes the production of 
diborane. Conversely, dihorane generation begins at once 
when Nc^H^ is added to the fluoride. Since reductions with 
the mixed hydride of sodium borohydride and boron trifluo-
ride are accomplished by addition of one constituent of the 
mixed hydride to the other constituent in the presence of 
the organic substratei precursors of diborane or diborane 
itself mi^t "be responsible for the reduction. However* 
Brown and Subba Rao®^ have obtained essentially the same 
results in reductions with a mixed hydride of NaBH^ and 
boron trifluoride as with externally generated diborane. 
In at least one other case, diborane and this mixed hydride 
lead to different products^®, but even in this instance the 
reducing agent is also thought to be diborane, the difference 
in products resulting because of the 15-fold excess. 
Equation (7), of boron trifluoride present. 
Boron trichloride is vastly different than trifluoride 
in reaction with NaBH^. With the chloride, diborane is 
generated only if the ratio of hydride to halide is 
3 NaBH^ + BCI3 > 3 NaCl + 2 BgHg 
Excess of boron trichloride etherate leads to the production 
of chloroborane and dichloroborane etherates, each of which 
might be considered as active reducing agents with this 
reagent. 
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HYDROGEtfOLYSIS OP ACETAXS AND KETALS WITH MIXB3) HYDRIDES 
A. Llthlmn Alumlnlttm Hydride - Aluminium Halides. 
In 1951, Doukas and Pontalne^^ reported that 
epirostanes such as (III) are reduced to furostanols, such 
as (IV), by the addition of solid lithium aluminium hydride 
to an ethereal solution of the spirostane saturated with 
anhydrous hydrogen chloride or hydrogen bromide. 
(CH2)2CHCHg 
C H f 
(HI) (IV) 
This report was noteworthy for two reasons. The combination 
of reagents employed was rather unusual. (Neither LiAlH^ 
nor hydrogen halides by themselves affected (III) and 
combinations of LiAlH^ with hydrogen sulphide, sulphur 
dioxide and p-toluenesulphonic acid were also ineffective). 
Also conversion of (III) to (IV) exemplified the reduction 
of a ketal to an ether for which no procedures giving 
acceptable yields were then available. In general, of 
course, the ketal function is resistant to the attack of 
- 13 -
LiAlH^, and in fact, ketal formation often is employed 
to protect ketone groups during the reduction of other 
functions (such as ester groups) in a molecule • 
6 35 
When subsequent work by other workers ' disclosed 
that the reducing properties of LiAlH^ may he considerably 
modified by the addition of Lewis acids, especially 
aluminium chloride, it became likely that the active 34 ingredient in the reagent employed by Doukas and Fontaine 
was a lithium aluminium hydride-aluminium chloride combina-
36 
tion. ConsecLuently Eli el and coworkers studied the 
action of such a combination on a variety of acetals and 
ketals with the results shown in Tables I and II. 
T A B L E - I« 
Reduction of open-chain acetals and ketals 
Compound 
reduced 
CgHg CH(0CH3)2 
CgHg OH (0C2H5)2 
n-CgH^CH (00315)2 
CgHg C(002H5)2 CH3 
(CH3)2C (004H5.^)2 
V l O (OCHg)! 
Product 
CgHg CHg OCHg 
CgHg CHgO CgHg 
n-C4HgOC2H5 
0gH5CH(CH3) OCgHg 
(CH3)2CH0 
CgH^^OCHg 
Yield(?t) 
88 
73 
47 
81 
84 
74 
Compound 
reduced 
V l O 
(CH3)g 
OCHj 
o c h ' 
Product 
( C H , ) 
- 14 -
Yield(^) 
78 
74 
61 
92^ 
CgHj^ Q is cyclohexylidene* ^ 75«59f •trans* isomer, 
16.5^ 'cis* isomer by gas chromatography. 
T A B L E A U 
Reduction of cyclic ketala 
Compound 
reduced 
0-
CH, 
,0" 
,CHj 
GH, 
Product/s 
CgH^j^OCHgCHgOH' 
C gH^ j^OCHgCHg CHgOH 
CgH^^OCH - CHgOH 
CgH^j^OCHg - CH - OH 
OH, 
CgHj^^0CH2C(0H3)g0H 
yield(95) 
88 
92 
69' 
16' 
89 
Compound 
reduced 
CH. 
CgHg - CH( 
CgHg-CH^ 
I 
CgH5-CH< 
Product/s 
CgH^^ 0CH(CHg).CH2CH20H 
CgHg CHg-OCHgCHgOH 
CgHgCHgOCHgCHgCHgOH 
CgHg CHg 0CH(CH3)CH2CH20H 
CgHg CH20CH2CH2CH(0H)CH2 
- 15 -
Yield(95) 
62' 
31' 
89 
83 
62' 
32' 
o "b 
cyclohexyl. Analysis by gas chromatography 
and infrared comparison with authentic samples. 
The reductions proceeded to give ethers in each 
37 
case: RR'C(0R'')2 > RR'.CHOR". Yields were good» 
generally in the 70-90?^  range except when isolation diffi-
culties were encountered because the product ether 
(RR*CHOR") codistilled with the by-product alcohol (R«OH). 
Best yields were obtained when the ratio of aluminium 
chloride to LiAlH^ was Ail and the ratio of. LiAlH^ to 
ketal 1J2 (100^ excess). When an insufficient amount of 
the hydride was used in the reduction, a red colour, 
possibly due to accumulation of the oxocarbonium ion 
RR*C ss OR, was observed, yields suffered and by-products 
- 16 -
appeared. 
leggetter and Brown have made a detailed study of 
hydrogenolysis of a series of simple and substituted 1,3-
dioxolanes using a mole ratio of hydride to ketal of iJl 
and a mole ratio of aluminium chloride to hydride of 
The effects of various substituents at C-2 and 
C-4^Equation (8)^  on the position of cleavage have been 
established^®. 
-^CHg ^ H CHg R* ^ 
(V) (8) 
(VII) 
Electron-donating substituents (methyl, phenyl) 
at C2 of the ring accelerate and electron-withdrawing 
(chloromethyl, dichloromethyl) substituents or hydrogen at 
C2 retard or inhibit the reductive cleavage. For the 
latter substituents, a reaction time of 48 hours is 
required. The same effects are observed, but to a lesser 
38 
extent, for substituents at 04 . Electron-donating 
substituents at C4 lead to predominant cleavage at the 
02-0 bond remote from the substituents, i.e., lead to 38 
predominant formation of pidmary alcohol j electron-
withdrawing substituents at 04 lead to predominant cleavage 
- 17 -
at the 02-0 bond proacLmate to the substituents, i.e., 
lead to predominant formation of secondary or tertiary 
alcohol; and substituents at 02 do not effect the direction 
<ZQ 
of cleavage . One situation is an exception to the 
general effects of substituents upon the direction of 
ring opening! tetraalkylated compound^ R, P. > R » = 
alkyl» imdergo exclusive (or nearly so) cleavage at the 
02-0 bond proximate to the substituents at The 
ring op^ng of 2,2-diphenyl-l,3-dioxane is completely 
anomalous in that benzophenone and/or diphenylmethane 
rather than the expected hydroxyether are produced, 41 presumably by the initial cleavage of the 04-0 bond • 
In 2,4-disubstituted 1,3-dioxolanes, the ratio of 
the hydroxyethers (VI) and (VII) depends upon the cis or 
trans arrangement of the substituents. !Dhe cis isomers 
40 
are cleaved faster than the trans isomers and 1,3-
dioxolanes, are cleaved faster than 1,3-dioxanes. 
Hydrogenolysis of 1,3-dioxolanes of cyclic ketones 
has also been examined by Brown and coworkers^^*^®. 
Lithium aluminium hydride-aluminium chloride reductive 
cleavage of norcafl5>hor ethylene ketal (VIII) gave 2-(2-
endo-norbomvloxv)ethanol (IX) in 98^ yield whereas 
similar reduction of camphor ethylene ketal (x) gave 
both 2-(2-isobomyloxy)ethanol (XL) and 2-(2-bomyloxy)-
- 18 -
ethanol (XII) in 785^  and 22?5 yields^,respectively 42 
H 
OCHgCHgOH 
(VIII) (IX) 
OCHgCHgOH + 
CHgCHgOH 
(X) (XI) (XII) 
The hydrogenolysis of an inseparable mixture (ill) 
of tke two isomers* (XIII) and (XIV), of norcamphor iso-
butylene ketal was carried out using an equimolar mixture 
of LiAlH^ and AICI3 in dry diethyl ether^^. The results 
of the hydrogenolysis are assembled in Table III, 
T A B 1 B - III 
Time of Extent Products of the reaction, Total 
reaction of ^ of the total product. recovery of 
(hr) reduc- materials (96) 
tion(9J) (XVII) (XVI) (XV) (XIII) 
±L ' Isii 
20 62 2.5 42.5 17.0 38 
168 95.5 4.5 64.5 26.5 4.5 
95 
95 
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OH, 
0/ + 
CH, 
0 - < 
( n i l ) (XIV) (XV) 
OH 
H 
H OH 
OCH, 
CH. 
^CH, 
(XVII) (XVI) 
Studies on hydrogenolysls with mixed hydrides 
have also been ext^ded to l»3-»dloxolane8 of steroidal 
ketones. Thus reduction of 17,17-ethylenedloxy-3-hydroxy-
l,3,5(l0)-estratrlene (XVIII) with IlAlH^- AICI3 (1:2) 
and reduction of 3,3-ethylenedloxy-17^-hydroxyandrostane 
(XIX) with AlHg leads to the 17^-(2'-hydroxyethoxy) and 
3p-(2*-hydroxyethoxy) derivatives (XX) and (XXI), respec-
tively^^. 
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(XYIII) 
0(CH2)g0H 
(XX) 
H0(CHg)2 
The system of ketals containing an oxygen in each 
of the two different rings has been subjected to reduction 
with mixed hydrides. The opening of the sapogenin spiro-
ketal system (XXII) oocurs» in all cases studied, such 
that the five membered ring remains intact .45 
/ K 
(XXII) (XXIII) 
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Hydrogenolysis of cyclic compounds, containing one 
oxygen exocyolic to a ring containing one oxygen, has been 
examined by SILiel and coworkers^®. 2-Tetrahydrofaranyl , 
and 2-tetrahydropyranyl ethers (XXIV) (n=2 and 3, respec-
tively) have been reduced with LiAlH^ - AlCl^ (1:4). 
H 
HO-OHg-COHg)^ OHgOE + + rqh 
(XXIV) (XXV) 
The best yields of the hydroxy ethers (XXV) are obtained 
with liAlH^ - ^^^^ ® i® tertiary alJcyl group (60-80?^ ). 
If the'^-carbon of S is substituted with an electron-
withdrawing group, e#g. phenyl or trifluoromethyl, only 
exocyclic cleavage is observed with LiAlH^ - AlClg* 
Hemithioacetals and Hemithioketals. 
Reductive cleavage of hemithioketals and hemithio-
acetals may be conveniently used for the preparation of 
a homologous series of Co-hydroxyalkyl alkyl thioethers^ '''"'^ ®, 
The results shown below are typical of a number of cases 
studied. 
- 22 -
" LiAlH.-AlClg ^ ^ 
{em 
O^E^ - CH, 
H-
> H 2 — r ^ CH2S(CH2)30H 
^^S - CHX^ ether, 98^ 6 
liAlH^ - 4AICI3 
ether (63?^ ) ^ ^ ^ 
SCHpC-H- 2 CgH5CH2S(CH2)50H 2 6 5 ^^^^^ (gg^) 6 5 2 2 6 
Yields of the^- and V-hydroxythioethers are generally 
75-85^ and yields of S - and 6 -i^diroxythioethers are 
generally 60-80^, In all cases studied, exclusive C2-0-. 
bond cleavage has been observed. 
The reduction of ethylene thioketals is best 
carried out at ratios of ketal to hydride to aluminium 
chloride of 4,0:1.0»4,0, for an excess of hydride may 
lead to further hydrogenation of the p -hydroxythioether 
to the ethyl sulphide^®. In fact, at ratios of 2,0jl,0t4»0 
and with an extended reaction time, the ethyl sulphide 
may be the predominant product. 
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SCH2CH3 + 
(639$) 
-SGHgCHgOH 
(20fo) 
The V - , S - and € -hydroxythioethers are resistant to 
49 
further hydrogenolysis by the mixed hydride » because of 
their inability to form four-, fire-, and six- membered 
cyclic sulphonium ions. 
Reduction of the stereoisomeric 4-t-butylcyclohexa-
none ethylene monothioketals, (XXVI), and (XXVII), gave 
the same mixture of trans- and cis- 4-t-butylcyclohexyl-
-hydroxyethyl thioethers (78t22), indicating a common 
intermediate in both reductions 50 
(CH3)3C (CH3)3C 
(XXVI) 
LiAlH^ - 4AlClg ether 
(CH3)3C-
(XXVII) 
S CHgCHgOH 
78^ trans, 22^ cis. 
mthloaoetals and Dlthloketals. 
Ethylene dithioacetals and ethylene dithioketals 
(1,3-dithiolanes) are resistant to attack by lithium 
aluminium hydride and aluminium chloride in a ratio of 
i.i". 
Hydrogenolysis of various carbol^drate acetals, 
ketals, and cyclic orthoesters with lithium aluminium 
hydride and aluminium chloride has been examined recently 
by Bhattacharjee and Gorin®^, These authors have shown 
that the reduction of hexofuranose and hexopyranose acetals 
with liAlH^ - AlClj (1:1) to the corresponding ethers 
proceeds in similar fashion as that of simple acetals and 
ketals. Certain 0-methyl and 0-benzyl derivatives, not 
readily obtainable otherwise> are conveniently synthesised 
from appropriate acetals in this way. Cyclic orthoester 
of glucofuranose may be selectively reduced to acetals. 
The principal reaction product/s obtained from various 
compounds are shown in Table IV. 
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T A B L E . IV 
Starting 
material 
Molar Reac-
equiva- tlon 
lent of time 
reagent (hr) 
Yield Prlneipal 
produot/s 
CH, ' K H3C 0-
OH, 
2.0 
0.75 
CHoOH 
1.25 73 0-
H, 
0' 
. o o h C 
49 
60 
^0^— 
OCH, 
Methyl di-o-benzyl 
51 oC-D-mannofurano-
side. 
QHoOH 
^ 0 . 
Ph-( < GH, CH. 
HO 
CHgOH 
42 OR CH, 
-V R^CHgPh CH 
TABLE - IV( Contd.) 
- 2B -
Starting 
material 
Molar Reac-
equiva- tion 
lent of time 
reagent (hr) 
Yield Principal 
product/s 
PhHer^y^s 
DCH, 
3 
20 
27 
29 
HgOCHgPh 
HO 
OCH, 
OH 
PhOI 
H, 
.OCH 
O^CH. 
OR 
OR 
OCH, 
\ 
3 
40 
168 
36 
64 
CHgOH 
0. ^ \ / 
Or 
OCH. 
RsOHgPh 
CHgOOHj 
20 
HO OH 
CH, 
OCH, 
.52 The results obtained by Bhattacharjee and aorin"^  
have led to the conclusion that the ease of hydrogenolysis 
is (a) cyclic orthoester > isopropylidene ketal 
cyclohexylidene ketal benzylidene acetal > ethylidene 
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acetal ^ formal and (b) 5,6-0-linked or 3,5-0-linked 
aoetal or ketal ^  1,2-0-linked acetal or ketal. 
B. Lithium Aluminium Hydride and Boron Halides. 
Lithium aluminium hydride-boron trifluoride has 
been used for the cleavage of the bis(1,3-dioxolanes) 
formed from pentaerythritol and aldehydes and ketones, 
R 0 - CHg CHg - 0 R ^^ 
^ C ^ 2 ^ 
H - CH -(0CH2)2C(CHg0H)2 
R* 
The cleavage reaction fails, however, with hydrogens 
53 as the only substituents at 02 in these compounds 
Reduction of 17,17-ethylenedioxy-3-hydroxy-l,3, 
5(10)-estratriene (XVIII) with diborane leads to 17^-
(2*-hydroxyethoxy) derivative (XX). 
2-Tetrahydrofuranyl and 2-tetrahydropyranyl ethers 
(XXIV) (n«2 and 3, respectively) have also been reduced 
with LiiOH^ and boron trifluoride etherate (1:4). ffhen 
R is secondary or primary alkyl substituent, LiAlH^ - BPg 
is the preferred reagent for the preparation of (XXV)^^. 
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The report that ethylene monothioketals are inert 
to liAlH^ - BPg has been found to be in error, A number 
of 1,3-oxathiolanes have been reduced with LiAlH^ - BP^ 
•51 
combination • The reductive cleavage can be represented 
by the general Equation (9), 
R*^ ^ S - CC - H 
R" 
B 
R* 
\J ' 
H 
S' R*' 
( 9 ) 
The yields of hydroxythioethers are, however, inferior 
to those using liAlH^ - AlClg, 
C. Sodium Borohvdride and Aluminium Halides* 
Sodium borohydride with aluminium chloride can also 
• 5 4 , 5 5 be utilized for the hydrogenolysis of acetals and ketals • 
Variation in yields has been observed using different 
ratios of sodium borohydride and aluminium chloride. 
Diglyme is used as the solvent for NaBH^ - Lewis acid 
reduction of acetals and ketals, 
OCHgCHg UaBH.-AlCl.d:!) 
CHg(CH2)g C H ^ 2 > CHg(CHg)gOCH2CH3 
OCHgCHg diglyme. 
NaBH^ - AlClgdJl) 
diglyme, 71^ 
^OCHgCHgOH 
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Sodium borohydrlde-aluminium bromide combination 
has been found capable of reducing 17,17-ethylenedlbxyr-
3-hydroxy-X,3,5(10)-estratriene (XVIII) to 
liydroxyethoxy)-5-hydroxy-l,3,5(10)-e3tratriene (XX). 
D, Sodium Borohydride and Boron Halides* 
action of sodium borohydride 8®id boron trifluo-
ride etherate combination on acetals and ketals has also 
KA RR 
been studied by Subba Rao and coworkers * • Satisfactory 
yields of the corresponding ethers could be obtained using 
1:1 and 2:3 ratio of NaBH^ - BPg etherate. 
N^H.-BPgC It 1) / = \ 
diglyme! 65^ ^  y ^ V O O s H ^ 
HaBH. - BP-(2S3) / \ 
2 2 > / V-O-CHoCHgOH 
diglyme, 86^ \ / '0-
ia.borane, generated externally and passed into the 
ketal in tetrahydrofUran, also produces the ether, but in 
low yield®^'®®. 
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CH, C 
54^ 
X l ^ ^ C H - OCgHg 
CH.. 
BgHg, THF 
.OCgHg 
Diborane in tetrahydrofaran has also been used for the 
hydrogenolysis of 17,17-ethylenedi02y-3-l^dr0^-l,3,5( 10)-
estratriene (XVIII) to (2*-hydroxyethoxy) derivative 
(XX), 
E. Catalytic hvdrogenation in the presence of an acid. 
Catalytic hydrogElation of acetals and ketals in 
the presence of an inorj^ anic acid or a Lewis acid also 
e A 
produces B-li^rdroxyethers in good yield • However, 
dialkyl ethers are also obtained as the side products. 
CH, 
CH, 
0 - CH ^2 HgPO^-Rh/C or BPg-Pd/C CH, 
0^ - CH„ 
atm.pressure 
2 3 
CHgCHoOH 
429^  
CH 
CH 
^ ^ CH-0-CHg-CHg-0-CH<^ 
24^ 
CH, 
CH, 
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CH, 
CH 
CH' 
OH, 
H3PO4 - Rh/C or BFg-Pd/C 
Hg, 15-30 atm. pressure 
CH 
CH 
^ C H O - CHg - p - CH3 
739g 
CH, 
CH, 
J>CH 0 -
13?^  
+ 
«3 
(m - CHg - OH 
CH, 
CH, 
CH, 
^ C H - 0 - CH - CHg - 0 - CHx 
59S 'CH, 
D I S C U S S I O N 
P A R T - I 
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During an attempt to synthesise steroids with A-
homo-B-nor ring skeleton by the application of the Bamford-
Stevens reaction®''', it was oljserved Ijy Ahmad and Sharma®® 
that alkaline decomposition of 3p-acetoxy-5o(-.cholestan-
6-one toeylhydrazone (XXVIII) in ethylene glycol gave, 
after acetylation, three distinct compounds which were 
identified as cholesteryl acetate (XXIX), Sp-acetoxy-ftK-
(2*-acetoxyethoxy)-5o<-cholestane (XXX) and 3p-acetoxy-6o<-
(2*-hydroxyethoxy)-5oC-cholestane (XXXI), an artefact of 
(XXX)* 
NNHTs 
(i) Na-Ethyleneglycol 
(ii; ACgO/Pyridine ^ 
(iii) Column chromato-
graphy. 
(XXIX) 
(XXVIII) 
^ OCHgCHgOAc 
(XXX) 
^ DOHgCHgOH 
(XXXI) 
The structures assigned to the compounds (XXX) and (XXXI) 
were compatible with the spectral data (i.r. and n.m.r.), 
intereonversions, and degradative studies. When passed 
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over neutral alumina, (3CXX) was partly changed into (XXXI) 
and the latter on acetylation regenerated (XXX). 
Degradation of (XXX) with boron trifluoride etherate 
in acetic anhydride®^ gave cholesteryl acetate (XXIX) 
(minor product) and 3p,6o{-diacetoxy-5o^-cholestane (XXXIl). 
The diol diaoetate (XXXII) on hydrolysis furnished 3S,6o(-
dihydroxy-5i5(-cholestane (XXXIII)» which on oxidation gave 
SoC-oholestane-SjS-dione (XXXIV). 
(XXX) 
BFg-ACgO 
AcO AcO 
(XXXII) (XXIX) 
N/ hydrolysis 
GrO, 
H OH 
(XXXIII) 
The configuration of the ether moiety at 06 in 
(XXX) was suggested by comparison with the results obtained 
by degradation of 6p)-methoxy-5o^-cholestane (XXXV) and 
methoxy-5o(-cholestane (XXXVl) with boron trifluoride 
etherate in acetic anhydride. 
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6^Methoxy-5o<-cholestane (XXXV) on treatment with 
boron trifluoride and acetic anhydride, followed by hydro-
lysis, gave cholest-S-ene (XXXVII) (major product), 6p-
hydroxy-5o(-chole8tane (XXXVIII) and 6o(-hydroxy-5i^ -
cholestane (XXXIX). 6o(-Methoxy-5o(-cholestane (XXXVI) 
w h ^ subjected to the same sequence of reactions provided 
(XXXVII) (minor product) and (XXXIX). Ethers (XXXVI) 
and (XXX) thus showed similar behaviour towards boron 
trifluoride etherate and acetic anl^dride. 
(XXXV) (XXXVII) (XXXIX) 
(XXXVII) + (XXXIX) 
(XXXVI) 
Since the 'mixed hydride* reduction of acetals and 
•to 
ketals constitutes one of the most elegant methods for 
the preparation of p-hydroxyethers, it was considered 
possible that LlAlE^ - AlClg reduction of 3|>-acetoxy-.6, 
6-ethyl«nedioxy-5(<-cholestane (XL) and acetylation of the 
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reduced product may lead to the ether (XXX)» With this 
view in mind the present study, comprising of the following, 
was undertaken* 
(1) Sjmthesis of the ether (XXX) hy the lithium 
aluminium hydride-aluminium chloride reduction of 
acetoxy-6,6-ethylenediosy-5o(-cholestane (XI), followed by 
acetylation. 
(2) Extension of the LiAlH^ - AlClg reduction to other 
easily accessible steroidal cyclic ketals. 
(3) Since the f-hydroxyethers formed by LiAlH^ - AlClg 
reduction of acetals and ketals can give rise to a number 
of other products, which are difficult to prepare otherwise, 
it was of interest also to evaluate the synthetic utility 
of the reaction in steroids. 
(4) Preparation of steroidal p-hydroxyethers by alter-
native routes such as the reaction of steroidal tosylates 
with glycols. 
I 
(5) Determination of the mechanistic path way of 
reductive cleavage of steroidal cyclic ketals by LiAlH^ -
AlCl^ combination. 
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AcO 
(XI) 
For the present study steroidal ketals belonging 
to cholestane series were prepared as model compounds; the 
obvious reason for the choice being the ready availability 
of the starting materials. 
Preparation of Steroidal Cyclic Ketals, 
1, 3B-Acetoxy~6.e-ethylenedioxy-So^-cholestane (XL). 
The ketal (XI) was prepared by the reaction of 
3^acetoxy-5o(-cholestan-6-one (XLI) with ethylene glycol 
using p-toluenesulphonic acid monohydrate as the catalyst. 
It (XL) was found to be homogeneous by t.l.c. and analysed 
correctly for Cigj^ HggO^ . The infrared spectrum of the 
ketal (XL) showed absorption at 1733s, 1238s(acetate) and 
1133m, llllm, 1033m, 1081m, 1047s, 1026s cm"^ (o - 0 -
Treatment of the ethylene ketal (XL) with aqueous acetic 
acid quantitatively regenerated 3^-acetoxy-5o(-cholestan-
6-one (XLI). 
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(XLI) 
HOCHgCHgOH, benzene, p-TsOH^ 
aq. OH^COOH < ^ 
2. 5.g~EtixYlenedioxychole8t-5->ene (XLII). 
Choi est-5-en-3-one ethylene ketal {Uill) was 
prepared from cholest-4-en-3-one (3CLIII) according to the 
60 procedure described In literature , Migration of double 
bond from C4-C5 position to C5-C6 position was first noted 
61 
by Femholz and Stavely • These investigators presented 
the following evidence in support of the structure (XIII). 
The ketal (XLII) on treatment with perbenzoic acid afforded 
theo(-03dde (XLIV) which was converted by chromic acid 
oxidation into cholestane-53f-ol-3,6-dione (XLV)^ 
(XLIII) (XIII) 
OH 
(XIV) 
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Acid-catalysed hydrolysis of the ketal (XLII) regenerated 
the parent ketone (XLIII) in quantitative yield. 
3. 3.3-Ethylenedioxy-5o^-chole8tane (XLVI) > 
Reaction of 5o(-cholestan-3-one (XLVII) with ethylene 
glycol in the presence of catalytic amotmt of p-toluene-
sulphonic acid afforded (XLVI) (homogeneous hy t.l.c.) in 
649^  yield. The ketal (XLVI) was also obtained by the 
catalytic hydrogenation of 3,3-ethylenedi07ychblest-i5-^ "^  
ene (XLII)» Treatment of the ketal (XLVI) with aqueous 
acetic and quantitatively regenerated the starting ketone 
(XLVII). 
iLOj 0Hg)20^ 
H3O+ 
Hp/Pd 
(XIVI) (XLII) 
4. 6.6-EthYlenedi03cy«'SQC-Ch0leetane (XLVIII). 
6,6-Bthylenedioxy-5o(-cholestane (XLVIII) was 
obtained in 72^ yield by the reaction of 5o(-cholestan-6-
one (XLIX) and ethylene glycol. It was fotind homogeneous 
by t,l.c. and analysed correctly for CggHsoOg, Hydrolysis 
of the ethylene ketal (XLVIII) with aqueous acetic acid 
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regenerated the parent ketone (XLIX) In quantitative yield. 
H0(CH2)20H 
aq* CHgCOOH 
(XIVIII) 
l^^Methyl^S.g-ethylenedioxycholest'-S-ene (L) > 
Acid-catalysed reaction of cholest-.4-en-3-one 
(XLIII) with propane-l,2-diol afforded l'-methyl-3,3-
ethylenedioxycholest-5-ene (L) in yield. The product 
was expected to be a mixture of two isomers (L) and (LI), 
f s 
HOCHo-CH-OH 2 ^ 
(XHII) 
However, thin layer chromatography of the crude product, 
even in different solvent systems, showed it to be a 
homogeneous compovaid, So indication of the presence of 
two isomers was obtained also in the n,m,r, spectrum of 
the product. 
Models of the structures, (I) and (II) show that 
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there is apparently no significant difference "between the 
two in a sterio sense* However, in view of the known 
62 
mechanism of the ketal formation , (L) is likely to be 
preferentially formed compared to its isomer (LI). The 
primary hydroxyl group in propane-1,2-did being less 
crowded®^ than the secondary hydroxyl group will initiate 
attack on the carbonyl carbon (C3) of (XLIII) from the less 
hindered o^-side giving the intermediate hemiketal(XLIIIa)®^» 
The subsequent conversion of the hemiketal (Xlllla) via 
the homoallylic cation as intermediate (XLIIIb) involving 
5,6-double bond participation will account for the formation 
of (Ii) rather than its isomer (LI)« 
(XLIII) HO-CHg-CH-OH H3C-CH-OH (XLIIIa) 
H3C-CH-
«7iiiib) 
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The ketal (L) analysed correctly for CjQHgQOg 
and its i.r. spectrum showed peaks at 1626w ( > C=C< ); 
11208, 1040s, 1026s (C-0-)®^^, The n.m.r. spectrum of the 
ketal (I) had a doublet at S 3.3 (J = 6 cps) (2 protons; 
=0-CH„-CH-0-) J an unresolved multiplet centered at 5 3.8 
(1 proton; -O-CHg-OT-0-); an unresolved multiplet centered 
at ^ 5.16 (06-vinyl proton); a doublet at % 1.16d 
(J=6 cps) (I'-methyl group) and peaks at 0.66 (C18-protons); 
0.98 (019-protons); 0.81, 0.9 (other methyl groups). 
Sp-Ohloro-etS-ethylenedioxy-SoC-cholestane (LII). 
The ketal (LIT), m.p. 126®, was obtained in 65^ 
yield by the interaction of 3p>-chloro-5o(-cholestan-6-
one (LIU) and ethylene glycol using p-toluenesulphonic 
acid monohydrate as the catalyst. Thin layer chromato-
graphy showed it (LII) to be a homogeneous compound and 
it responded to Beilstein test for halogen- . The ketal 
(LII) analysed correctly for C G G H ^ G O G C I and its infrared 
spectrum showed absorption peaks at 1176s, 1136s, 1064s, 
1042s (C-0- linkages of the ketal ring) and 763s cm"^ 
(C-Cl)®®^. The nuclear magnetic resonance spectrum of the 
ketal (LII) exhibited signals at ^ 3.75 mc (1 proton, 
01-03-H) and 3.91 mc (4 protons, -O - C Hq - C Hq - O-) . Acid-
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catalysed hydrolysis of the ketal (III) afforded 3p-
chloro-5i>(-cholestan-6-one (UII) in quantitative yields 
H0(0H3)g0H 
aq. CHgCOOH 
(LII) 
g^.5o{-Gyclo-6,6«'ethylenedi03cyofaole8tane (LIV). 
Acid-catalysed reaction of 3o«,5<3(-cyclocholestan-
6-one (LV) with ethylene glycol gave the ketal (I2V) in 
90% yield (homogeneous Ijy t.l.c.). It analysed correctly 
for 029^48^2* of the ketal (LIV) with dilute 
hydrochloric acid in acetone yielded Sp-chloro-QjC-
cholestan-6-one (HII) as the only product via the 
cycloketone (LV) That the cyclopropane ring remained 
(LV) (LIV) (LIII) 
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intact in the ketal (MV) finds further support "by its 
i.r. spectrum. The infrared spectrum of (IIV) had 
absorption peaks at 3020w, 1160s, 1130m, 1100s and 1072s 
cm"^. The weak band at 3020 cm"^ indicates the presence 
CIS 
Of a cyclopropane ring in the molecule^. The other 
bands at 1160s, 1130m, 1100s and 1072s cm"^ are ascribable 
to the ether linkages of the ketal function. 
Hydrogenolysls of Steroidal Cyclic Ketals, 
Hydrogenolysis of ketals under consideration was 
•zg 
carried out according to published directions using an 
equimolar mixture of lithium aluminium hydxide and 
aluminium chloride in dry diethyl ether. The products 
of hydrogenolysis were purified by column chromatography 
and identified with the aid of elemental analysis, i.r. 
and n.m.r. spectra and by transformation to known compounds. 
Homogeneity of each product was ascertained by thin layer 
chromatography. 
1* Lithium aluminium hvdride-aluminium chloride reduction 
of 3p-acetoxy-6.6-'ethylenedioxy«5o(''Cholestane (XL). 
Hydrogenolysis of 3p-acetoxy-6,6-ethylenedioxy-5o(-
cholestane (XL) with LiAlH^ - gave a single product 
which was identified as 3p-hydroay-6p-(2-ihydroxyethoxy)-
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5k;(-cholestane (LVI), m.p. 108-110°. The diol ( m ) 
analysed correctly for 029^52^3 spectrum 
showed peaks at 3345m(tr)(0H)j 1150m, 1095m, 1050 om"^ 
The hydroxyether (LVI) on acetylation with acetic 
anhydride and pyridine furnished 3B-acetoxy-6B-(2*-acetoxy-
ethoxy)-5o(-cholestane (LVII), m.p. 76-77®. The ether 
(LVII) analysed correctly for CggHggOg and its i.r. 
spectrum showed peaks at 1738, 1240, 1117, 1050, and 
1026 cm"^. The former two bands at 1738 and 1240 cm"^ 
are attributed to acetate groups and the bands at 1117, 
1050 and 1026 cm"^ are assigned to an ether linkage®^®. 
The nuclear magnetic resonance spectrum of (LVII) showed 
a broad peak at ^ 4.7 (1 proton), a pseudotriplet centred 
at 3.58 (2 protons) and another at 4.12 (2 protons), a 
multiplet at 3.3 (1 proton) and two singlets at 2.05 
and 2.0 (3 protons each), respectively. The broad peak 
at S 4.7 can be assigned to a proton at C3 and the multiplet 
at 3.3 to a proton at 06. The pseudotriplet at 3.58 can 
be attributed to protons attached to the methylene carbon 
next to the ether osygen in the side chain. The pseudo-
triplet at S '4.12 can be ascribed to the protons of the 
methylene carbon next to the acetoxy group in the ether 
side chain at 06. Two singlets at 2.05 and 2.0, respec-
tively, are due to the methyl protons in the acetate groups 
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at C3 and in the 06-side chain 66 
AcO 
OCHgCHgOAc 
(XL) (LVI) (LVII) 
It is interesting to note that the ether (LVII) 
obtained by LiAlH^ - Al^^S reduction of the ketal (XL), 
followed by acetylatipn was not identical with the ether 
(XXX), The Bubstituent at 06 in (LVII) was found to be 
axial (p-oriented) whereas the C6-ether moiety in (XXX) 
was equatorial (o<-orient6d), i.e., (XXX) and (LVII) ar© 
C6-epiiaers, 
The configurations of substituents at 03 and 06 
in (LVII) were ascertained by measuring half-band widths 
of 03 and 06 protons in the n.m.r. spectrum. The H3 
signal at ^ 4.7 exhibited a half-band width of 14 cps 
( a x i a l ) a n d the H6 signal at ^ 3.3 a half-band 
width of 7 cps (equatorial), thereby implying that 3-
acetate is equatorial and the 06-ether moiety is axial. 
Further a C6<j(-equatorial proton always resonates 
- 46 -
66 67 
at a lower field than thep-proton of the epimer ' • 
A comparison of the n.m.r. data of the ethers (XXX) and 
(LVII) has been made in Table V, 
T A B I> E - Y 
N.M.R. data (p.p.m.) for (XXX) and (LVII) 
Compound H3 H6 6-0-CHo- 6-0-CH«-CHo0Ac 6-and 
3-OAc 
(XXX) 4,7(13)*t 2.98(14)*+ 3.60 4.12 2.01, 
2.07 
(LVII) 4.7(14)*t 3.3(7)*^ 3.58 4.12 2.05, 2.0 
* Figures in parentheses give width at half-height in cps. 
f Axial Equatorial. 
Reaction of the ether (LVII) with BF^ etherate-Ac^O. 
TWien the ether (LVII) was allowed to react with 
boron trifluoride etherate and acetic anhydride®® at 0® 
for 60 hours, a very small amount of cholesteryl acetate(XXIX) 
(product of elimination) was obtained and most of the 
unchanged ether (LVII) was recovered. Even the extended 
reaction time and the reaction at room temperature did 
not affect the ether cleavage. 
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+ imchanged (LVII) 
OCHgCHgOAc 
(mx) 
It is interesting to note that whereas the ethers 
(XXX), (XXXV), and (XXXVI)®® were readily cleaved by 
boron trifluoride etherate in acetic anhydride, the ether 
(LVII) remained indifferOTit towards this reagent. It is 
quite probable that the initial step of the ether cleavage, 
that is the completing of BP^ with ether oxygen, becomes 
difficult due to increased 1,3-diaxial interaction between 
the C6-axial ether moiety and the ClO-methyl group. In 
the case of ether (XXXV), the CS-axial-OCHj group being 
smaller than the -OCHgCHgOAc group as in the case of (LVII), 
the 1,3-diaxial interaction is not realized to the same 
degree and hence (XXXV) undergoes cleavage under similar 
reaction conditions. 
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LiAlH^ - AICI3 Reduction of 5«S-r^hylenedioxycholest-
5-ene (XLII). 
(XLII) 
LiAlH^-AlCl 
(CH2)20H 
(LVIII) 
Hydrogenolysis of 3,3-ethylenedioxycholest-5-ene 
(XLII) with lithium aluminium hydride and aluminium 
chloride (Isl) furnished only 3p-(2'-hydroxyethoxy)cholest-
5-ene (LVIII)» 102-104®. The glycol ether (IVIII) 
analysed correctly for CggHg^Og and its i.r, spectrum 
showed absorption at 3405br, 1630w, 1110s and 1060s 
The "broad band at 3405 cm~^ indicates the presence of 
hydroxyl group and a weak band at 1630 cm"^ is assigned 
to 05 - C6 double bond. Two strong absorption peaks at 
1110 and 1060 cm"^ are attributed to an ether linkage®^ 
The n.m.r. spectrum of (IVIII) exhibited signals at 
^3.22 (1 proton; H-C3-0-, half-band width 12 cpsj 
66 
axial) , 3.68 umc (4 protons; -O-CHg-OTg-OHJ; 5.35br umc 
(1 proton; C6-vinylic proton); 0.6 (C18-protons); 1,01 
(C19-protons); 0.8, 0.9, 0.96 (other methyl groups). 
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Configuration of CS-ether side chain in (LVIII). 
That (LVIII) was the equatorial hydroxyether was 
determined by its transformation to the known 3p-ethoxy-
cholest-5-ene (LIX) by a method which avoided the epimeri-
zation. of C3-0 bond. The glycol ether (LVIII) on treatment 
with p-toluenesulphonyl chloride in pyridine gave the 
corresponding tosylate (LX)t which on reduction with 
lithium aluminium hydride afforded 3p-ethoxycholest-5-
ene (LIX). An authentic sample of the ether (LIX), for 
comparison purpose, was prepared by ethanolysis of 
cholesteryl tosylate (LXI) and was found identical with 
the compound (LIX) obtained by LiAlH^ reduction of the 
tosylate (LX). 
(CH2)20H 
(LVIII) 
(iHg)20Ts CHgCHg^ 
(LX) (LIX) 
(LXI) 
- 50 « 
The hydroacyether (LVIII) on treatment with acetic 
anJbtydride in pyridine was converted to the corresponding 
acetate (IXII). Elemental analysis of the acetate (LXII) 
was consistent with the assigned structure. Its i.r. 
spectrum showed peaks at 17458, 1235s (acetate); 1630w 
cm~^ PQ 
()CsC(Ol 1115s, 1050s^(C-0-)°"®. Ihe nuclear magnetic 
resonance spectrum of the acetate (LXII) had a broad 
peaJc at S 3.15 (1 proton; H-C3-0-, half-band width 
14 cps, a x i a l ) a distorted triplet at ^ 3,69(J= 5 cps) 
(2 protons; -OCHg-CHg-OAc) and another at 4.21 (J a 5 cps) 
(2 protons;-O-CHg-CHgOAc), Signals due to C6-vinyl proton 
and methyl protons of acetate group were at S 5»35 umc 
and 2.05(s), respectively. 
Reaction of the acetate (LXII) with boron trifluo-
ride etherate and acetic anhydride at 0° for 15 hours 
gave cholesteryl acetate (XXIX) as the only product. It 
59 
has been shown by Narayanan and Iyer that cholesteryl 
methyl ether (LXIII) under the same reaction conditions 
afforded cholesteryl acetate (XXIX) in 93^ yield. Thus 
the formation of cholesteryl by the degra-
dation of (LXII) with boron trifluoride etherate-acetic 
anhydride also supports the assigned configuration to 
ether moiety in (LXII). 
- 51 « 
( m i l ) 
(CHg)gOAc 
d m ) (xnx) 
( r a n ) 
Oxidation of 3B-(2'-hydroxyethoxy)cholest-5-ene 
(LVIII) with Jonea reagent gave the acid (LXIV), m.p. 
161®. It analysed correctly for CggH^gO^ and its i.r. 
spectrum showed a broad band centered at 3380, two weak 
bands at 2640 and 2540 cm"^, (~COOH)i a strong band at 
1720 (-COOH) and another at 1140 chT^ (C-0-)®^®. The acid 
(LXIV) on treatment with diazomethane gave the correspond-
ing methyl ester (LXV), m.p« 103-104°, which analysed 
correctly for Cgo^SO^S* infrared spectrum of (LXV) 
showed absorption bands at 1720s (-COOMe)j 1620w ()C=C<); 
1200s; 1125s| 1100 cm"^ (0-0-)®®®. 
- 52 « 
H0(C!H2)2 Me00CCH2( 
(L7III) (LXIV) (LXV) 
Hydrogenolysis of 3.5"etliylenedioxy-&><~chole8tane(XLVl)« 
Reductive cleavage of the heterocyclic ring in 
3,3-ethylenedioacy-5o{-cholestane (XLVl) also gave only one 
product which was identified as 2*-hydroxyethoxy)-.5o(-
cholestane (LXVI), m.p. 145-46°. The glycol ether (IXVI) 
analysed correctly for CggHggOg and its i,r. spectrum 
indicated the presence of an hydroxyl group (3410 cm"^) 
and an ether linkage (1110; 1058 cbT ), The nuclear 
magnetic resonance spectrum of (LXVI) had a "broad peak at 
S3.23 ascribahle to the proton at 03. The spectrum also 
exhibited an unresolved multiplet centered at S3.65 and 
this was assigned to the four protons of the two methylene 
groups of the ether side chain. 
(XLVI) 
H0(CH2)20 
(LXVI) (LVIII) 
- 53 « 
Configuration of ether moietv at 05 In (LXVI)« 
The most informative evidence for the assigned 
configuration (equatorial) to the ether moiety in 
(LXVI) was obtained from its n.m.r, spectrum. The 
spectrum*had a hroad peak centered at S 3.23 with half-
gig 
band width of 12 cps corresponding to a 3o6-axial protoft * 
The assigned configuration (3p-equatorial) to C3-ether 
moiety in (LXVI) was also supported by its formation from 
3R-(2'-hydroxyethoxy)cholest-5-ene (IVIII) by catalytic 
hydrogenation. 
The glycol ether (LXVl) on acetylation with acetic 
anhydride and pyridine furnished the corresponding acetate 
(LXVll), m,p« 66®. Its elemental analysis was in agreement 
with the structure (IXVII). The infrared spectrum of 
(Lrni) showed the presence of an acetate group (1740s 
and 1240s cm"^) and an ether linkage (1155s, 1052s 
Boron trifluoride etherate-acetic anhydride cleavage 
of the acetate (LXVII) and alkaline hydrolysis of the 
crude product provided 5o^-cholest-2-ene (IiXVIII)(23^); 
5o<-.cholestan-3o(-ol (LXIX) (35/») and 5o^-cholestan-3p-ol 
(LXX) (42^), Narayanan and lyer®^ have also reported that 
cholestanyl methyl ether (IXXI) on treatment with BP^ -. 
ACgO at 0° for 15 hours gave both the epimeric acetates 
AcO(CH2)2 
. 54 -
(LXXII) and (LXJIII), alongwith the elimination product. 
However, the yield,of elimination product (cholest-2-ene) 
was more in the case of epicholestanyl methyl ether 
(LXXIV). 
(DBFg-ACg^O 
(ii) -OH ^ 
(IXVIII) 
(239^ ) 
(LXX) 
(4295) 
CH^ On^ ^ o I 
(IXXII) 
(3395) 
+ (IXVIII) 
(2595) 
(LXXIII) 
(2595) 
^ (IXXII) -f (LXXIII) + (IXVIII) 
^ (14^) (8?^ ) (5095) 
- 55 « 
Oxidation of the glycol ether (LXVI) with Jones 
reagent gave the acid (LXXV), m.p» 168®. It analysed 
correctly for CggHgQ^g ^^^ spectrum showed peaks 
at 3200(br), 2620w, 2550w (-COOH); 1710s (-COpH); 1220s; 
llOOm, 1030m cm"^(0-0-)®^®". Reaction of the acid (iXXV) 
with diazomethane afforded the corresponding methyl ester 
(LXXVI), m«p. 77-78®, It analysed correctly for 030^52^3 
and its i.r, spectrum showed absorption at 1720s (-COOMe)j 
1200s; 1122s, 1030m cm"^ (C-0-)®^®. 
HOCCHg)^ 
(LXVI) (IXXV) (LXXVI) 
Lithium aluminium hydride-aluminium chloride reduction 
of 6.6-ethylenedioxy-5o(-cholestane (XLVIII)* 
Reduction of 6,6-ethylenedio3i5r-5o(-cholestane (XLVIII) 
with lithium aluminium hydride-aluminium chloride (1:1) 
yielded 6p-(2'-hydroxyethoxy)-5o(-cholestane (LXXVII) as 
the sole product. It analysed correctly for ^29^2^2 ^ ^ 
its infrared spectrum indicated the presence of a hydroxyl 
- 56 « 
function (3400 and an ether linkage (1100 and 
1048 cm"^). In tlie nuclear magnetic resonance spectrum 
of the hydroxyetJaer (LXXVII) the signal due to C6-proton 
appeared at S 3*25. The spectrum also had an unresolved 
multiplet centered at ^ 3.60 integrating for four protons. 
This was ascribed to the methylene protons of the -O-CHgCHgOH 
side chain. 
(XLVIII) 
0(0E^)20n 
(IXXVII) 
H = 
0(CHg)20H 
(IXXVIII) 
Configuration of C6~ether side chain in (IXXVII). 
The configuration of the substituent at 06 in 
(LXXVII) was ascertained by measuring the half-band width 
of C6-proton in the nuclear magnetic resonance spectrum. 
The H6-signal exhibited a half-band width of 5 ops 
(ei|uatorial) • , thereby implying that 6-ether moiety 
is axial (^-oriented). Further 6o(-eq.uatorial proton in 
(LXXVII) appeared at ^>3.25 which is at lower field than 
the corresponding axial proton in the epimer (LXXVIII) 
- 57 « 
( Ss.os)^®, and this is in accordance with the general 
observation that a 6o(-equatorial proton always resonates 
66 67 at a lower field than the 6-proton^ of the epimer • . 
The glycol ether (IXXVII) on treatment with acetic 
anhydride and pyridine gave the corresponding acetate 
(LXXIX) which analysed correctly for OgiHg^Og, 
Ac„0-Pyridine 
(LXXVII) — ^ > 
BFg-ACgO 
» No 
reaction 
)(CH2)20AC 
(LXXIX) 
When the ether (LXXIX) was allowed to react with 
boron trifluoride etherate and acetic anhydride at 0® for 
60 hours,most of the unchanged ether (LXXIX) was recovered. 
Even the extended reaction time and the reaction at room 
temperature had no effect on the ether cleavage. The 
similarity in the behaviour of the ethers (LXXIX) and 
(LVII) towards boron trifluoride etherate-acetic anhydride 
also implied that ether moiety in both the compounds was 
axial (p-oriented). 
- 58 « 
Litfaiiun aluminium hydride-aluminium chloride reduction 
of l*-'methyl~3i3"ethylenedioxycholest~5-ene (L)» 
Hydrog^enolysis of l'-methyl-3,3-ethylenedloxy-
cholest-5-ene (L) using equimolar mixture of lithium 
aluminlxm l^dride and aluminium chloride gave 
methyl-2'-hydr0xyeth0iy)eh0iest-5-ene (LXXX) (689S) 
together with small amounts of two other compounds melt-
ing at 93° and 68®, respectively; the very small amounts 
of them prevented their characterization. The hydroxy-
ether (LXXX) analysed correctly for C30%2®2 
infrared spectrum showed characteristic Tsands at 3450, 
1640w, 1075s and 1043m cm"^. The absorption peak at 
3450 was assigned to the hydroxyl group and that at 1640 
to C5-C6 double bond. The bands at 1075 and 1043 indicated 
the presence of an ether linkage. 
(L) 
CHg-GH-GHgOH 
(LXXX) 
Evidences in Support of the structure (LXXX). 
The structure of the primary alcohol (LXXX) was 
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determined "by its conversion to the previously Imowi 
161 
compound, 3p-iso-propyloxycholest-5-ene (IXXXI). The 
glycol ether (IXXX) when treated with p-toluenesulphonyl 
chloride in pyridine gave the corresponding tosylate 
(LXXni), in«p. 150-62®. It analysed correctly for 
Oj^HggO^S and its i,r. spectrum-showed peaks at 1630w 
()C«C<); 1595m, 1190s, 1180s (tosylate)? 1095s, 1062 cm' 
Lithium aluminium hydride reduction of the 
tosylate (LXXXII) furnished 3p-isopropyloxycholest-5-
ene (IXXXI). 
An authentic saii5)le of (LXXXI), for comparison 
purpose, was obtained "by the interaction of iso-propyl 
161 
alcohol and cholesteryl tosylate (I»XI). 
-1 
CHg-CH-CHgOH 
(LXXX) 
CHg-iH-CHgOTs 
(IXXXII) 
3^2 
(LXI) (IXXXI) 
- 60 « 
Formation of Sp-iao-fropyloxycholest-S-ene (L3CXn) by 
lithium aluminium hydride reduction of (IXXXII) also 
showed that the ether moiety in(LXXX) was equatorial 
(R-oriented). 
Acetylation of (LXXX) with acetic anhydride in 
pyridine provided the corresponding acetate (LXXXIII). 
Elemental analysis of (IXXXIII) was consistent with the 
assigned structure. 
The nuclear magnetic resonance spectrum of the 
alcohol (IXXX) showed it to be a primary alcohol. The 
spectrum of (I»XXX) gave an unresolved multiplet centered 
at S 3.3 (1 proton), a doublet (with larger peak at the 
higher field) at S 3.50 (J=: 4 cps, 2 protons) and a broad 
peak centered at S 3.71 (half-band width 14 cpsj 1 proton; 
a x i a l ) T h e shape of the doublet at ^3.5 implied that 
the methylene group (-0 - CH - CHg - OH) was coupled with 
~~~ 66 a proton which should resonate at a higher field . Thus 
c 
the peak centered at 6 3.3 was assigned to l*-H(-0-CH-CHg0H) 
and the one centered at ^3.71 was ascribable to 3(3(-H 
(H-C3-0-), The n.m.r. spectrum of the acetate (LXXXIII) 
showed an tinresolved multiplet centered at S 3.37 corres-
ponding to 1 proton (-0 - ra - CH20Ac)and a doublet at 
^4.03 corresponding to 2 protons (-0 - ^H - -OAc). 
- 61 « 
Since the signal due to methylene protons at S 3#50 in 
(IXXX) had shifted downfield (^4.03) in (LXXXIII), it 
implied that the methylene group in (LXXXIII) was attached 
to an acetosy function. 
Behaviour of the ether (LXXXIII) towards "boron trifluoride 
ether ate and acetic anhydride. 
Treatment of the ether (LXXXIII) with boron 
trifluoride etherate-acetic anhydride at 0® for 15 hours 
resulted ihithe formation of cholesteryl acetate (XXIX) 
as the only product. The similarity in the behaviour of 
the ether (LXXXIII) and cholesteryl methyl ether®^(LXIII) 
towards boron trifluoride etherate-acetic anhydride also 
suggests that ether moiety in (LXXXIII) is 6 -equatorial. 
The exclusive formation of the product (XXIX) with reten-
tion of configuration has been attributed to the partici-
pation of 05 - 06 double bond during the course of cleavage. 
,-CH-CH„OH 
CHg-GH-CHgOAc 
(LXXXIII) 
(LXIII) (XXIX) 
- 62 « 
Oridatioii of the primary alcohol (LXXX) with 
Jones reagent afforded the acid (LXXXCV), m.p, 144-45®» 
It analysed correctly for spectrum 
had absorption bands at 3400"br, 2600w (-00^; 1720s(-^0H); 
1630vf (>C=G<); lllOs, 1052m cm"^ (C-0-)®®®, Formation of 
(LXXX) 
CHj-GH-COOH 
(IXXXIT) 
CHg-GH-OOOMe 
(LXXXV) 
an acid by the chromic acid oxidation of (LXXX) also 
suggests it to be a primary alcohol, fhe acid (LXXXIV), 
when allowed to react with diazomethane, gave the corres-
ponding methyl ester (LXXX7), m.p, 90°, Elemental 
analysis of (LXXXV) was found to be consistent with the 
assigned structure. 
LiAlHj^  - Reduction of 3^chloro*6.6«ethylene^ 
di03cy~5c^ -.ch0lestetne (LII). 
(HI) 
a ^  CI ^ ^CHgCHgOH 
(LXXXVI) 
CHgCHgOAc 
(LXXXVII) 
N/' 
STo reaction 
- 63 « 
Hydrogenolysis of 3p-chloro-.6,6-e-thylenedioxy-
5o{-cliolestane (LII) with an equimolar mixture of LiAlH^ 
and AlClg in dry ether yielded 3p-chloro-6^-.<2*-hydroxy-
ethoxy)-5c/-cholestane (LXXXVI) as the only product. The 
hydroxyether (LXXXVI) gave a positive Beilst«in test for 
halogen and analysed correctly for Cg^KgjOgCl. Its 
infrared spectrum had absorption bands at 3333br (0-H); 
1098s, 1052s (C-0-) and 763s onf^ (C-Cl)®^ ®-, The nuclear 
magnetic resonance spectrum of the hydroxyether (IXXXVI) 
had a multiplet centered at S 3.70 (4 protons, -O-CHgOTgOH) 
and another multiplet centered at 3.45 <2 protons, 
C3-H and C6-H). It is pertinent to mentioa that since 
the peaks due to 03 and G6-protons merged, with each other, 
it was not possible to ascertain the configaration of 06-
' proton by measuring half-band width and hence of 06-ether 
moiety. The signal due to hydroxy 1 proton appeared at 
Sl.96 (exchangeable with deuterium). 
The hydroxyether (IXXXVI) on treatment with acetic 
anhydride in pyridine gave the corresponding acetate (IXXXVII) 
as an oil. It analysed correctly for C^j^HggOjOl and its 
i.r. spectrum showed pealcs at 1736s, 1240s (acetate); 
1113s and 1050s om"^ (0-0-)®®®. 
Oonfiguration of C6-ether moiety In (LXXm), 
The configuration of C6-ether moiety in (IXXXVI) 
was ascertained by converting it to 6p-(2'-hydroxyethoxy)• 
5o(-cholestane (LXXVII) in which the C6-ether moiety has 
already been shown to be axial (^-oriented)• Sodium-
amyl alcohol reduction of 3p-chloro-6p-( 2'-hydroxyethoxy)' 
5o^ -.cholestane (LXXXVI) afforded the ether (LXXVII) which 
was found tOibe identical in all respects with another 
sample of (LXXVII) obtained earlier. 
H OCHgCHgOH 
OCHgCHgOH 
(LXXXVI) (LXXVII) 
Further proof for the assigned configuration to 
ether moiety in (LXXXVI) was obtained from the behaviour 
of its acetate (LXXXVII) towards boron trifluoride etherate-
acetic anhydride. The acetate (LXXXVII) on treatment with 
BPg - ACgO at 0® for 60 hours did not undergo ether 
cleavage and was recovered unchanged. Since the ether 
(LXXXVII) showed the similar behaviour with those of the 
ethers (LVII) and (LXXIX) towards BFg - ACgO it was 
- 65 « 
ascertained that C6-ether linkage in (LXXXVII) was also 
axial (p-oriented). 
liAlH^ ~ Reduction of 3o(.5o^-cyclo-6.6-ethYlenediogy-
cholestane (LIV)» 
Reductive cleavage of heterocyclic ring in 3o(,5o(-
cyclo-6,6-ethylenedioxycholestane (IIV) with LiAlH^-AlClg 
(Isl) gave 3f(,5o^-cyclocholest-6-ene (IXXXVIII), m.p. 
70® and 3p-(2'-hydroxyethoxy)cholest-5-ene (mil), 
m.p. 104®, together with an oil of uncertain composition. 
-I-
(MV) (Lxxmii) 
(CH2)20H 
( m i x ) 
Ihe structure of the hydrocarbon (LXX3CVIII) was 
supported by its elemental analysis and spectral data 
(i.r. atid n.m.r.). It analysed correctly for Cgi^ H^ ^ and 
showed infrared absorption peaks at 3030w, 3010w, 1640w, 
16l7w and 1010m cm"^. The weak band at 3030 cm'^ and the 
medium band at 1010 cm"^ showed the presence of a cyclo-
- 66 « 
propaB-e ring®®. The other weak bands at 3010, 1640 and 
1617 cnT^ are attributable to 06-07 double bond. Its 
n.m.r. spectriun also showed the presence of a cyclopropane 
ring (0.66-0,25 complex)^® and a double bond ( 85.33 umc 
and 5.55 umc, 06-H and C7-H). 
The identity of the product (LVIII) was made by 
its comparison (m.m.p., t.l.c. and i.r.) with another 
sample of (LVIII) obtained by LiAlH^ - AlClg reduction of 
3,3-ethylenedioxycholest-5-eine (XLII). 
It is interesting to note that the ketal (LIV) 
showed different behaviour towards liAlH^ - AlClj as 
compared to other simple steroidal cyclic ketals. It is 
quite probable that 3o<^ ,5o^ -cyclo-6[K 2'-hydroxyethoxy)-
cholestane (LXXXIX) is first formed which on reaction 
with aluminium species (AlHgOl) present in the reaction 
medimn gives the hydrocarbon (LXXXYIII) and the ether 
(LVIII). Similar observation has been made for 3o(,5o(-
cyclc-6-methoxy steroids such as (XC) which are smoothly 
converted by Brockman No. 1 activated alumina in hexane 
at 20^ to 3p-methoxy - -steroids (LXIII) and 3,5-
cyclo- -steroids (LXXXVIII)"^^. This has been found 
to be an excellent way of preparing the latter type of 
compounds under mild conditions. It has been reported 
- 67 « 
CH2CH2OH 
(LXXXIX) (XC) (LXXXVIII) (IXIII) 
that the two prosducts are formed independently and are 
both stable under the reaction conditions 70 
- 68 « 
ALTEKHATE ROUTE. TO STEROIDAL p-.Hri>ROXYEI!HERS 
Synthesi^s of steroidal p -hydroxyethers, for 
purposes of comparison, .was..» also attempted by alternate 
route;, Since the nucleophilic displacement of p-toluene-
sulphonate group by allcoxide group is one of the most 
widely used methods for the preparation of et|iers, it 
was considered possible that glycolysis of steroidal 
tosylates may lead to the desired compounds. 
Syntheslts of steroidal ethers by the alcoholysis 
of p~toluenesulphonate esterg. 
71 
Stoll , in the year 1932, reported for the first 
time that when cholesteryl tosylate (LXI) was heated with 
methanol under reflux, a veiy good yield 90^) of 
cholesteryl methyl ether (LXIII) unaccompanied by epicho-
lesteryl methyl ether was obtained. 
( m ) ( m i l ) 
- 69 « 
72—74 
later on, investigations "by several other workers 
also led to the conclusion that nucleophilic replacement 
at 03 in S^-substituted -steroids proceeds with 
complete retention of configuration. 
Nucleophilic substitution at 03 in saturated 
steroids usually proceeds with inversion of configuration 
at 03. Thus 3p-p-toluenesulphonyloxy-&<-cholestane (XOI) 
(TsO—equatorial) "by methanolysis at 65° gives 3o(-methoxy-
6X-cholestane (LXXIV) (73?^ ) together with a mixture of 
cholest-2, and 3-ene (17?^ ) but unaccompanied by the 3^-
75 epimeride « 
(XOI) (LXXIV) 
Conversely 3o(-p-toluenesulphonyloxy-5!)(-cholestane (XCII) 
(-OTs group arLal) by methanolysis at 65® gives 3p>-
methoxy-So^-cholestane (LXXI), together with a mixture of 
cholest-2, and 3-ene (695^ ) but unaccon^anied by the 
75 epimeride . 
- 70 
E ^ H 
(xcii) (Lxn) 
Similarly, 3o^-p-toluenesulphOBiyloxy-5p-cholestane (XCIII) 
(TsO-group, equatorial) by methanolysis famishes 3B-
methoxy-5&-cholestane (XCIY)(829^) and 5p-cholest-2-ene (XCVII) 
76 
(I89S), unaccompanied by the 3o(-epimer , whilst S^-p-
toluenesulphonyloxy-5p-cholestane (XCV) (TsO-group axial) 
TB(y 
(XOIII) (xciy) 
yields 3o{-methoxy-5^cholestane (XCVI)(minor) and 
cholest-2-ene (XCVII) , 
(XCV) (XOVI) (XCVII) 
- 71 « 
Preparation of 2*-hydroxyethoxy)choleat-5»ene (LVIII) 
by the reaction of cholesteryl tosylate (LXI) with 
ethylene glycol« 
Since the nucleophlllc displacement of C3-substl-
tuent in /^-steroids occurs with retention of configura-
tion, it was considered possible that reaction of cholesteryl 
tosylate (LXI) with ethylene glycol may give rise to 
(2'-hydro3cyethoxy)cholest-5-ene (LVIII), although the 
possibility of formation of a diether of the type (XCVIII) 
was not excluded. 
(XCVIII) 
When a solution of cholesteryl tosylate (LXI) 
in dioxan and ethylene glycol was heated gently under 
reflux for 4 hours, a good yield of 3^(2*-hydroxyethoxy)-
cholest-5-ene (LVIII), together with a small amount of 
cholesta-3,5-diene (XCIX) (product of elimination) was 
obtained. 
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H0(CH2)2 
(IXI) (17III) (XCIX) 
The glycol ether (LVIII) oljtained by this method 
was found to be identical in all respects (m.m.p.} 
t.l.o., i.r.) with another sample of (LVIII) obtained 
by the lithium aluminium hydride-aluminium chloride 
reduction of the ketal (XIII). 
Attempted preparation of -hydroxyethoxyj-Spf-
cholestane (LXXVII). 
Methanolysis of ft<-p«toluenesulphonyloxy-5o^-
78 
Cholestane (C) has been found to give 6j5-meth03qr-5o(-
cholestane (XXXV) as the major product together with a 
small amount of cholest-5-ene (XXXVII)(product of 
^ OTs 
(C) (XXXV) (XXXVII) 
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elimination). It was, therefore, expected that inter-
action of 6a(-.p-toluenesulphonyloxy-5o6-chole0tane (C) and 
ethylene glycol may lead to 6^-(2'-hydroxyethoxy)-Sb<-
cholestane (LXXVII), However, when the glycolysis of the 
toeylate (C) was carried out in dioxan, the chief product 
of the interaction was cholest-5-ene (XXXVII), though the 
presence of trace amounts of (LXXVII).and ft<-(2'-hydroxy-
ethoxy)-.5<\^ cholestane (IXXVIII) was also indicated by 
t.l.c. 
(C) (XXXVII) 
0(GH2)20H 
(LXXrtl) 
H 
^CHg)OH 
(LXXVIII) 
The reaction of 6p-p'-toluenesulphonyloxy-5o(-
cholestane (CI) with ethylene glycol in dioxan yielded 
(XXXVII) 
Choiest-5-enemas the only product. 
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(CI) (XXXVII) 
Attempted preparation of I'-metfiyl-g^-hydroxyethoxy) 
cholest'-S-ene (LXXX) Tjy the Interaction of choleeteryl 
toaylate (LXI) attd propane-1.2-diol. 
The reaction of cholesteryl tosylate (LXI) with 
propane-If 2-diol in dioxan gave a crystalline compound, 
m.p, 106®, which was found by t.l.c, to "be a mixture of 
two products. The components could not he separated 
either by column chromatography or by preparative t.l.c. 
Treatment of the product, m.p. 106°, with p-toluene-
sulphonyl chloride in pyridine furnished another compound 
melting at 115°. Reduction of the latter with lithium 
aluminium hydride afforded a compound which was found 
by t.l.c. to be a mixture of 3B-isopropyloxycholest-5-
ene (IXXXI) and 3B-n-propyloxycholest-5-««ne (Oil), the 
former being the ma^or component. The ethers (LXXXI) 
and (Oil) could not be separated by column chromatography. 
Formation of (LXXXI) and (CII) by the LiAlH^ reduction 
of compoimd 115° indicated that the latter was a mixture 
of the tosylates (IXXXII) and (CIII) and, hence, the 
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product,m.p. 106°,was a mixture of the primary (IXXX) 
and the secondary alcohol (CIV)* 
(GH3)2GH0 
(LXI) 
CHg-CH-CHgOH 
(IXXX) 
CHo-CH-OH 
6H3 
(CIV) 
(CH2)2CH3 
(LXXXI) (Gil) 
CHj-CH-CHgOTs 
(Lxxni) 
CHg-CH-OTs 
GH3 
(cm) 
Jiscrepaacy in the behaviour of steroidal Qg- and G6-
tosylatea towards ethylene glycol> 
It has been shown earlier that reaction of 
cholesteryl tosylate (LXI) with ethylene glycol gave the 
product with retention of configuration at C3« Thus it 
appears that nucleophilic displacement of CS-p-toluene-
sulphonate group occurs by a unimolecular mechanism (SN^) 
involving a stablised cation of the type (CV) which allows 
- 76 « 
only t;b.e frontal attack by the ethylene glycol molecule. 
72 74 Win.s-feesin and Adams and Shoppee et al. have also shoTOi 
(CV) 
that nmcleophilic replacement at 03 in 3p>-8ulDstituted 
A -steroids proceeds vdth complete retention of confi-
guxaiii'On by a unimolecular mechanism (SN^) involving 
par-fcSclpation of the TV-electrons of the 05-06 double 
bond- The bond conformations in the cholesteryl systCTi 
are sm<ch that the formation of (CV) probably involves 
relai;lTely little strain or realignment of atoms. 
Parti cipation by TV -electrons of the 05-06 double 
bond ia the nucleophilic displacement of reactions at 
03 iB. 3p-substituted Z^f-steroids is also supported by 
the that in 33^-substituted -steroids where the 
molecular geometry is such that the TT-electrons of 
the Ci5-06 double bond are unable effectively to parti-
cipate in reactions at 03, \mimolecular heterolysis 
generally leads to elimination (E?-) with formation of 
3»5-ciiienes rather than to substitution (SN^). Thus the 
- 77 « 
methanolysis of epicholesteryl tosylate (CVI) gives 
cholesta-SfS-diene (XCIX)(769$) aJid "by rearrangement 
involving hydrogen migration, 4p-methoxycholeat-5-ene 
7 6 (C7II) and 6p-methoxychole8t-4-enc (CVIII)(7?S) and 
79 
takes place by a unimolecular mechanism • In none of 
these reactions has any detectable amount of 3o(- or 
substitution product been reported. 
(CVI) (XCIX) 
It has, however, been shown that, for substitution 
of S^substituted /^-steroids by sufficiently powerful 
nucleophiles "CHCCOOR)^, "NHR, "NRg^ under appro-
priate conditions, the unimolecular reaction (CX) can be 
accompanied, or even largely superseded, by the bimolecular 
- 78 -
reaction with inversion of configuration (CXI),in which 
the -electrons of the double bond do not participate' 80 
(CX) (CIX) 
CI or OTaJ^ 
(CXI) 
Nucleophilic substitution at C3 in saturated 
steroids usually proceeds with inversion of configuration 
o 
at C3 and therefore by a bimolecular mechanism (SN ), 
However, elimination also competes with the substitution 
depending upon the stereochemistry of the leaving group. 
It has been shown earlier that methano2iysis of 6o(-p-
toluenesulphonyloxy-5<?(-cholestane (C) gave 6p-methoxy-5o(-
cholestane (XXXV) with inversion of configuration at C6, 
Nucleophilic substitution of C6-p-toluetiesulphonate group 
in (C) by a methoxyl group with inversion of configura-
tion shows that the reaction proceeds by a bimolecular n 
medhanism (SN ). However, formation of a small amount of 
cholest-5-ene as the side product shows that elimination 
by an B^ process also competes with the substitution 
(SN2). 
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The almost exclusive formation of cholest-5-ene 
(XXXVII) "by the reaction of ethylene glycol with (C) 
suggests that in this case elimination "by an E^ process 
predominates over substitution (SN ). It is interesting 
to note that whereas the reaction of methanol with (C) 
gives mainly the substitution product, its glycolysis 
yields mainly the product of elimination, ffhis discre-
pancy in the behaviour of the tosylate (C) towards 
methanol and ethylene glycol is probably due to the 
reason that the axial approach of the HOCHgCHgOH molecule, 
which is larger in size than CH^OH molecule, is sterically 
hindered and consequently elimination by an E^ process 
takes place. 
The exclusive formation of cholest-5-ene (XXXVII) 
by the reaction of ethylene glycol with 6^p-toluene-
sulphonyloxy-5o(-cholestane (Cl) shows that in this case 
also elimination by a bimolecular mechanism 
(E^) predomi-
nates over substitution (SN^). Predominance of the 
elimination reaction over substitution reaction may be 
attributed to the trans-diaxial disposition of p-toluene-
sulphonate group at 06 and hydrogen at 05. It has been 
shown®^"®® that bimolecular elimination reactions (type 
proceed with the most facility, when the four atoms 
involved in the reaction are located in one plane in the 
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transition state. The leaving groups are found in 
coplanar position in a cyclohexane ring when they are 
trans-diaxial. If the substituents are * trans* but 
diequatorial, or ois (a,e), then a transition state in 
which the four reaction centers lie in one plane is no 
longer possible. The elimination reactions then proceed 
relatively more slowly. 
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MECHANISM OF HYDROGMOLYSIS OF AGEfALS AND KETALS 
WITH LITHIUM ALUMIHIUM HYDRIDE-ALUMIITIUM CHLORIDE. 
Eli el and Rerick^®, In their preliminary communica-
tion on the hydrogenolysis of acetals and ketals with 
lithium aluminium hydride-aluminium chloride, suggested 
two mechanisms for this reduction. One involves hydride 
attack on the complex formed from Lewis acid and the 
acetal, a complex which tends to form the stablised 
oxocarbonium ion (Scheme 1). 
0 - n 
I 
Aicij 
(i) LiAlH^ 
(ii) HgO 
R 
R» 
R'^ 0_ 
•M.,:. ©I1CI3 
CH - 0 - CHgCHgOH 
(Scheme 1) 
© -R^ .0-
R* 
: ! e 'AlCl, 
The other requires prior formation of the ^ >C-haloether, 
which is then readily reduced by metal hydride (Scheme 2). 
R Q-X 
Aloi, 
> 
8 0-
AlCl, 
® i l C l 
(i) LiAlH^ 
(ii) HgO 
(Scheme 2) 
R 
> 
R' 
e 'AlCl.^  J 
R. 
R* HO-
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(CH3)3C 
The latter mechanism was preferred for the reductive 
cleavage of 1,3-oxathiolanes due to the observation that 
4-t-"butylcyclohexanone ethylene hemithioketal (XXVI) could 
he isomerized by iaci^ and also reduced by AlClg-IiAlH^, 
whereas the same compound could be isomerized by BP^ but 
could not be reduced by BF^-IiAlH^"'^®. However, since 
1,3-dioxolanes could be reduced by either AlCl^-IiAlH^ or 
1 \ BPg in ether or BPg I / 
^kg/ + LIAIH^ in ether 
(XXVI) 
or 
AlClg in ether 
(XXVII) 
H 
S(CH2)gOH 
(CXII) 
BFg-LlAlH^,o(-haloether formation was not considered 
necessary in the mechanism of hydrogenolysis of 1,3-
48 dioxolanes . 
The report that ethylene monothioketals are Inert 
to LIAIH^ - BPg has been found to be in error. Leggetter 
51 
and Brown have shown that BP3 - LiAlH^ does hydrogenolyse 
1,3-oxathiolanes, hence invalidating the main supporting 
83 -
argument for the requirement of e<-haloether formation in 
the reduction of oxathiolanes. The results of the work 
51 
reported by Leggetter and Brown favour the first 
mechanistic pathway (Scheme l) for Lewis acid - IdAlH^ 
hydrogenolysis of both 1,3-dioxolanes and 1,3-oxathiolanes, 
Pertinent to the mechanistic intei^retation of acetal 
hydrogenolysis by LiAlH^ and a Lewis acid is the work 
reported by Bonner and Saville®^, who have shown evidence 
for a o^-haloether formation in the reaction of boron 
trichloride with cyclic acetals of hexitols. But since 
the experimental conditions* used by Bonner and Saville 
differed considerably from those employed by Sliel and 
coworkers®^'^®, or by Leggetter and Brown®^, their results 
can not be considered as proof of o<-haloether formation 
in the aluminium chloride-lithium aluminium hydride 
reductions in 'ether' solutions. 
•Bonner and Savillee used methylene chloride as the solvent 
for both the acetals and BClg* They then removed the 
solvent and excess BCI3 from the reaction mixture. A 
solvent such as methylene chloride co-ordinates much less 
readily with Lewis acid than does diethyl ether, hence even 
normally stable 1,3-dithiolanes are isomerized by Lewis 
acids in methylene chloride solution®^. One would expect 
much more extensive reaction of the boron trichloride with 
acetals, particularly if the solvent methylene chloride is 
removed, as found by Bonner and SavilleS^. The conditions 
might be expected to lead to oC -haloether formation. 
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•2Q 
Leggetter and Brown have studied in detail the 
cleavage of tmsymmetrical ketals and have discerned two 
factors governing the direction of opening (A or B, 
Scheme 3) of such ketals. 
B 
L 
B 
R 
R* A. 
CH - 0 -
R 
CHg - C - OH 
R' 
R 
;CH - 0 - C - CHgOH 
R* 
(Scheme 3 ) 
One factor is related to suhstituent polarity; when R, 
in Scheme 3, is electron-donating (e.g. methyl), mode A 
predominates, but, when R is electron-withdrawing 
(CHgCl, CHgOR), mode B is favoured. Thus cleavage occurs 
away from the electron donor and close to the electron 
acceptor. This polar effect has been accounted for in 
terms of the stability of the intermediate oxocarbonium 
ion (Schemes 4 and 5). 
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n-
0 — 
,CH 3 
< > 
. f V * 
®aoig 
preferred route 
Q-
®Aicig_ 
Hi) IJiH 
(ii) HgO 
:;ch-0-CH-CH20H 
© AlCl, e 
'CH 
> 3 < > 
'4ICI3 -
o -
non-preferred route 
0— © 
GH, I 3 (i) sNHO-OH^-CH-OH 
(ii) HgO 
0 -
CHgCl 
+ AlCl, 
Scheme 4 
e 
L U H g C l 
e 
I 
0 
(m^oi 
© 
preferred route 
iHgOl 
(i) liAlH. \ 
(ii) H,0 ' >^0H0-GH3-CH-0H 
XHgCl 
< > 
© AlCl, ®AlCl3 J 
Scheme 5 
non-preferred route ^h CI 
, ,>H-O-L!OH m 
(iiriB^a ^ 2 
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In Scheme 4 the preferred path of ring cleavage 
is that wherein the methyl substituent is closer to the 
incipient oxocarhonium ion and hence more effective in 
stabilizing the positive charge on this ion. In Scheme 5 
the electron-withdrawing chlorometJayl group destabilizes 
that oxocarbonium ion in which the chloromethyl group is 
closer to the site of positive charge. Hence the other 
ion is preferred. However, formation of both ions is 
retarded as compared with those containing the electron-
donor substituent at C4 (Scheme 4). 
35 The mechanisms suggested by Eliel et al. and by IZO C 4 
Leggetter and Brown ' imply that both aluminium chloride 
and lithium aluminium hydride play different roles in the 
hydrog«iolysis of acetals and ketals. It has been suggested 
that whereas the function of AlClg is to form a complex 
with the acetal or ketal, a consul ex which tends to form 
a resonance stabilized oxocarbonium ion, lithium aluminium 
hydride behaves as a hydride donor. 
15 In 1966, Ashby and Prather reported that the 
% 
reaction of lithium aluminium hydride and aluminium 
chloride in diethyl ether in the stoichiometric ratios 
3:1, 1:1, 1:3 and 1:4 produces AXR^, HgAlCl, HAlClg, and 
HAlClg AlClj, respectively and that the first step in the 
reduction of an organic functional group such as an epoxide 
- 87 « 
involves complexation of the aluminium species at the 
oxygen atom. If the aluminium species is a strong lewis 
acid such as jaHClg or AlClj, then ring opening to form; a 
carbonium ion is very rapid followed hy reduction. 
However, if the completing lewis acid is weak such as 
AlHg, then the resulting complex is relatively stable and 
thus reduction proceeds by a four-center transition state. 
16 A subsequent report by Brown et al. corroborated the 
15 
results obtained by Ashby and Prather and showed as 
well that AlHgCl is the major reducing species operative 
when sai equimolar proportion of AlClj is added over a 
short period of time to an ether solution of equimolar 
proportions of LiAlH^ and acetal or ketal. The relative 
ease of hydrogenolysis of acetals or ketals was found to 
be much greater with AlHgCl than with AlH^. 
43 
A recent report by Brown et al. on the hydrogeno-
lysis of an isomeric mixture of norcamphor isobutylene 
ketals, (XIII) and(xrv), has shown that hydrogenolysis 
by an equimolar mixture of lithium aluminium hydride and 
aluminium chloride (reactive reducing species AlHgCl) can 
occur in two ways. One involves a single molecule of 
AlHgCl, and the other requires two molecules of AlHgCl, 
The proportion of hydrogenolysis taking place by these two 
pathways depends upon the steric factors involved in the 
ketal under consideration. 
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Lithium aluminium hydride-aluminium chloride (1:1) 
reduction of the mixture (1j1) of the two isomers (XIII) 
and (XIV) of norcamphor isobutylene ketal was found to 
give the products (XVI) and (XV) in the ratio of 64,5 
and 26,5« 
H OH uii 
•"s/TCI^  
-N, 
(XVI) (XV) 
Since the product ratio from a 1»1 mixture of 
isomeric ketals (XIII) and (XIV) was not equal, it was 
suggested that the reduction of each of the two isomers 
proceeds "by a different mechani-sm. Thus it was shown 
that the hydrogenolysis of the isomer (XIII) involves a 
single molecule of AlHgCl which behaves both as Lewis 
acid and hydride donor (Scheme 6) and the reduction of 
the other isomer (XIV) proceeds by the route involving 
two molecules of AlHgCl in which one acts as the Lewis 
acid and other as the hydride donor (Scheme 7), 
CH, 
'AlHgCl 
AlHgCl 
Scheme 6 
AlHpCl ^ 
C^Hg AlHgOl 
ilHgCl 
GH3 He>0, eto^ 
AlHgCl 
Scheme 7 
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Lithiiun aluminium hydride-aluminium chloride 
reduction of steroidal cyclic ketals studied in the 
present investigation has shown that in each case only 
the ]3>-epimer is obtained. The almost exclusive formation 
of B-oriented hydro:^ether in each case studied, can be 
explained if we assmne that the first step in the reductive 
cleavage is the complexing of the aluminium species 
(AlHgCl) at the oxygen atom of the ketal ring from the 
less hindered ©(-side. A reci^t report "by Brown and 
43 
coworkers ^ has also shown that for hydrogenolysis of the 
acetals or ketals to occur at all, the Lewis acid property 
of the reducing species, AlHgCl, must be involved. Next 
step in the hydrogenolysis involves the cleavage of the 
C-0 bond in which the lewis acid is associated with the 
oxygen atom and the migration of hydride ion to the 
electrophilic carbon can occur either from the same 
molecule of AlHgCl which is acting as the lewis acid or 
from another molecule of AlHgOl. Since no <p(-epimer has 
been obtained in our investigation, it appears that the 
AlHgCl, which is acting as the Lewis acid, also donates 
the hydride ion from the same side to yield B-oriented 
glycol ether, Further, it is doubtful whether a second 
molecule of AlHgCl as such can donate the hydride ion. 
Since AlHgCl is a weaker Lewis acid than either AlClgOr AlHClg, 
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it can be assumed that the reduction proceeds through a 
transition state^® of the type shown in Scheme 8. 
R R 
+ iaHgCi ~ 
(R^ or CHg) e AlHgCl 
H A1 
I H 
— CI 
p — 
R / 
AlHCl 
R 
HO 
(Scheme 8) 
P A H T II 
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SYNTHESIS OF AZASTER0ID3 USING BECKMAlirW REARRAHGEMMT 
m D SCHMIDT REACTION 
INTR03XJCTI0N 
The story of the steroids is one of the great 
epics of chemistry. Part of the story has come to public 
attention in the last few years as a result of the well-
publicized struggle to synthesis^the steroid hormone 
cortisone. But cortisone is only an ^isode in an 
enthralling history of research and discovery that has 
occupied more than half a century. 
The steroids are a family of substances critically 
important to plant and animal life. They include the 
adrenal cortical hormones, the sex hormones, some of the 
vitamins, plant sterols such as ergosterol and animal 
sterols such as cholesterol. This array of substances, 
though so alike chemically that it is often difficult to 
tell them apart, exhibits a prodigious range of different 
activities, 
Azasteroids i,e, nitrogen containing steroids, 
have received much attention of chemists and pharmacolo-
gists alike. Alauddin and Martin-Smith®®"®® and Martin-
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80 Smith and Sugrue have reviewed 'biological activity in 
steroids containing nitrogen atoms, both of natural and 
synthetic origins. Out of the numerous synthetic aza-
steroids prepared many have shown one kind or the other 
of biological activity, and some are of clinical signi-
ficance. There are known azasteroids which have anabolic, 
antihormonal, antihypercholesterolaemic, vasodilatory, 
anticancer, neuromuscular-blocking, CNS depressant, or 
antimicrobial activity. 
Synthesis of azasteroids. 
Earlier atten^ts to synthesise azasteroids were 
carried out primarily for characterization purposes. 
Systematic work in this field began only in the 1940's 
and the largest portion of hetero-steroids were synthesised 
in the last twenty years. 
Nitrogen atoms have been inserted into the steroid 
nucleus mostly in the form of lactams, cyclic amines or 
lactam derivatives. Lactams and imides can be reduced 
to the cyclic amines and hence these reductions represent 
the main route for the preparation of azasteroids. 
88-92 The microbiological transformation of azasteroids 
93 and discovery of microbiological amidation of steroids 
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are routes of interest for obtaining various azasteroids 
analogues. 
There is a good amount of literature on synthetic 
nitrogeneous steroids, and out of the preparative methods 
we shall discuss here only the use of Beckmann rearrange-
ment and Schmidt reaction in the synthesis of azasteroids, 
iPhe Beckmann Rearrangement. 
.94 The Beckmann rearrangement involves the trans-
formation of ketosdmes to amides, or say, of cyclic 
ketones to lactams. The reaction is catalysed by acids 
including Lewis acids. In the reaction, there is involved 
partial ionization of the oxygen-nitrogen bond of the 
oxLme giving an electron deficient nitrogen atom and that 
results in the simultaneous intramolecular migration of 
the group anti to the departing hydroxyl group. IWien the 
R« - - R R' - C - R 
ffOH 
R -
R'-
3 = 0 
fH ^ 
R - C - OH 
R'- N 
RL® 
R -
R'-
C - R 
J — O H 2 
® 3 - OH, 
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migrating carbon atom is asymmetric there is retention 
of I'bnfiguration alsout the migrating carbon, possibly 
on account of the breakage of the C-C bond and the 
formation of the new C-N bond taking place on the same 
side of the asymmetric carbon. 
Apart from normal Beckmann rearrangement to amides, 
there are many cases of oximes undergoing cleavage to 
nitriles and some other fragment, and this type of 
reaction is known, as 'second-order* Beckmann rearrangement. 
It has been observed for o<-hydroxy oximes, o<f-keto oximes, 
o<-oximino acid, o(-imino oximes, o(-amino oximes, cx",o<-
diaryl orLmes, B-thioether oximes, bridged o^  ,o<i-dialkyl 
Otj 
oximes, c<-trisubstituted oximes and c<'-ether oximes , 
It is stated that in all these cases the oC-substituents 
can stabilize the carbonium ion or the incipient positive 
charge formed during the cleavage, which could be repre-
sented as shown below: 
X - C +H® ^ X - C 
D r c ® + -C3J A ' 
® I I X = C + HgO 
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A direct displacement path has, however, been suggested 
for the cleavage of o<-keto oximes. In an extremely 
facile cleavage of l,l-diaryl-2-propanone oxime under 
Beckmann rearrangement conditions (PClg - ether) to alkyl 
96 
Chloride and methyl cyanide, Hassner and Nash reported 
a case involving exclusively cleavage with displacement. 
OH 
f\ EtpO 
^CH - 'C + PCI- ^ ^CH - CI +CH„CN 
A r ^ ^CHj A r ^ 
The Schmidt Reaction. 
97 98 
The Schmidt rearrangement ' is in fact a group 
of reactions involving the use of hydrazoic acid (HN^) 
in sulphuric acidj polyphosphoric acid has also "been used. 
Carboxylic acids are converted into amines (having one 
carbon atom less), the reaction going through the forma-
tion of an imisolable isocyanate. The ketones change to 
amides, under the reaction conditions, possibly through 
the following mechanisms 
© HN } ® ^ X T ^ 
C - OH S Rf - C - H - N«N ^ C = H 
OH « R*-^ ^ I f 
-N 115 
HgO 
R» - C - NHR — R* - C«N-R 
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In Schmidt reaction also as in the case with Beckmann 
rearrangement, the migrating group shifts with retention 
of configuration. It is generally observed that the 
bulkier of the two groups in the parent ketone migrates 
preferentially. 
When an excess of Hh^ is used a substituted 
tetrazole may be formed, possibly by the action of a 
second molecule of hydrazoic acid on the carbonium ion: 
R-[-NsS-R* + H-N-Nai > R - C - R« 
NS IT - N 1 H 
^ I 
R _ N C - R* 
N. N 
\ / 
Preparations of Azasteroids, 
The earliest reports of Beckmann rearrangement of 
QQ 
the steroid oximes have been by Schenck and coworkers , 
lEhey carried out the rearrangement under classical rearrange-
ment conditions (15-20 min. heating at 95° with 90^ 5 HgSO^) 
to prepare lactams from the ring ketoximes derived from 
bile acids, viz. compounds (CXIII) and (CXIV); the 
structures of the products were, however, not ri^dly 
established. 
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COOH 
(GXIII) (CXI¥) 
A number of azasteroids containing nitrogen in 
rings A»B,C and D, respectively, have been synthesised 
using Beckmann rearrangement and Schmidt reaction. The 
results are summarized below: 
T A B Ii S ~ 71 
Introduction of IT in ring A 
Ketone 
or 
Oxime 
Reaction 
conditions Product/s Ref. 
TsCl, 50°, 
1 hr, 
)G00Me chromato-
graphy or 
PCI5, QO, 
2 hr, ether-
benzene or 
HN3, H2SO4, 
chloroform. 
TBCI, 50^  
1 hr. 
100 
101 
TABIE - VI(Contd,) 
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Ketone 
or 
Oxime 
Reaction 
conditions Product/s Ref. 
SOClg, 40°, 
15 mxn., 
diozan* 
102 
t 9 HtTs, PPA, 
50-60°, 
10 hr. 
11 103 
(i) TsCl-Pyridine 
,, (ii) Alumina 
(i) SOGl, 
(ii) KOH 
11 
HNg, PPA 
»f 104 
105 
105 
106 
T A B L E ~ VII 
Introduction of N in ring B 
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Ketone 
or 
Oxime 
Reaction 
conditions Product/s Ref. 
AcO 
M g , HgSO^, 
CHOI, 
HgC^ 'OH3 0 
A c O ^ ^ ^ 
NOH 
(i) TsCl-Pyridine 
(ii) Alumina 
H 
HN3, HgSO^, 
benzene 
t» 
107 
107 
108 
109 
110 
110 
- 101 -
T A B L E - VIII 
Introduction of N In ring C 
Ketone 
or 
Oxime 
Reaction 
conditions Product/s Ref. 
POClg-Pyridine 
TsCl-Pyridine, 
95-1050, 3 hr 
111 
112 
Ketone 
or 
Oxime 
0? A B I. E - IX 
Introduction of H in ring D 
Reaction 
conditions Product/s 
NOH SOCl. 
NOH 
p-Acetamido 
"b en zen e sulpho-
nyl chloride-
Pyridine 
0 
(ii) Chromato-
graphy. 
u 
Ref. 
113 
114 
115 
- 102 « 
T A B L E » X 
Reactions with •p^unsaturated. ketones and oad-ines 
Ketone 
or 
Oxime 
Reaction 
conditions Product/s 
OAc C=CH 
Hon< 
f» 
SOClnydioxan* 
R.T.f 1.5 hr. 
socio,dioxan, 
20°/ 1 hr. 
^ HN-, PPA, 60® 
10f5 hr. 
HN3. PPA 0 
bimolar 
quantity of 
HNg, PPA 
HNg, l3en2ene 
(i) TsCl/Pyriaiae 
(ii) Alumina ^ 
Ref. 
116 
117 
117 
118 
118 
109a 
109,119 
- 103 -
T A B L E » XI 
Beckmann rearrangement of conjugated dienones 
Ketone 
or 
Oxime 
Reaction 
conditions Product/s Ref. 
(i) TsCl/Pyridine 
(ii) Alumina 120 
T A B L E - H I 
Rearrangement ofo<f"hydro3iy ketoxlmeB 
Ketone 
or 
Oxime 
Reaction 
conditions Product/ s Ref. 
SOCI2, -20'' 
or 
HGl, ether, 
15° 
f r 
POCl,-Pyridine, 
0® 
csr 
C r ^ 
121 
121 
115 
- 104 « 
Methods of Characterization' of Steroidal Ketoximes 
and Their Rearrangement Products 
Characterization of Steroidal Ketozimea* 
Ultra-violet, infrared and nuclear magnetic 
resonance spectroscopic methods have been widely used 
for the characterization of steroidal saturated and 
conjugated ketoximes. Table XIV records the spectral 
data for a number of steroidal ketoximes. 
Nuclear magnetic resonance spectroscopy has been 
recently applied to distinguish between the isomeric 
conjugated ketoximes^^^^^®. The oxime of cholestenone 
126 
had been reported by Ralls to exist in two forms, 
regarded as geometrical isomerides, *A'-form as syn-
isomer (OH syn to the 4,5-double bond), and 'B'-form as 
anti-isomer. On the basis of the accepted 'trans' inter-127 
change in Beckmann rearrangement, Shoppee et al. , 
concluded that the 'A'-form is the anti~oxime (CXVa) and 
the 'B'-form, contrary to Rail's conclusion, is the syn-
oxime (CXVb). 
(CXVa) (CXVb) 
- 105 « 
Mazur^^^ felt that nuclear magnetic resonance 
spectroscopy might distinguish between syn- and anti-
-unsaturated '.pketoximes due to the espected shift in 
the vinyl proton position caused "by the proximity of the 
hydroxyl group in the syn-oxime. Considering the observa-
tion of PhiHips^^® that syn- and anti- aldoximes showed 
different chemical shifts of the aldehyde proton, the 
isomers of isophorone oxime of known configuration were 
studied. Thus, the n.m.r. spectrum of syn- isophorone 
oxime showed a downfield shift of the vinyl proton by 
42 cps relative to the anti-oxime. The same effect was 
observed with steroidal /\~3-ketoximes i.e. 43 cps 
downfield shift for syn- (GXVI; R'sCgHgOO, R"=H), 42 cps 
for syn- (CXVI; R'«H, R^aCHg) and in addition, the 
HON 
(OXVI) 
l9-methyl peak was shifted downfield by 2-3 cps in the 
syn- isomer relative to the anti-isomer. The same results 
129 1''50 have been reported by Slomp . Shoppee et al. have 
•shown by n.m.r. spectroscopy that cholest-5-en-7-one 
- 106 « 
oxLme (CXVII) exists in syn- form only. The nuclear 
(CX7II) 
magnetic resonance spectrum of (CXVII) had a sharp peak 
at $6.55 corresponding to the vinylic proton at 06. The 
vinylic proton in cholest-5-en-7-one appeared at ^5.68, 
and the chemical shift of 87 cps observed in the ketoxime 
indicated that it was the pure syn-isomer. 
131 
Wolkowski and coworkers have recently studied 
the nuclear magnetic resonance benzsene solvent shifts of 
<5(,p>-unsaturated aldoximes and ketoxtmes. Comparison of 
analysed spectra yielded the results given in Table XIII. 
B, B. 
0 = 0- N. 
X OH 
Syn anti 
- 107 « 
(g A B L E » m i 
Oxime Isomer A S = VCOI4 -^CgDg 
(ops) 
A B C D 
Acrolein anti + 23 + 25 + 2 + 4 
-Methyl 
acr ol ein anti + 15 + 15 CH3+4 - 3 
Methyl-2-
butene-l-one-3 anti + 7 + 6 CH3+II CH3+4 
Methyl vinyl 
ketone 
(Syn 
(anti 
+ 15 
+ 14 
+15.5 
+15,5 
- 10 
-7.5 
CH3-8 
OH 3-8 
Ethyl vinyl 
ketone 
(Syn 
(anti 
+12.5 
+13,5 
+16.5 
+16.5 
- 6 
- 8 
CHoO 
CH2O 
P ent ene- 2- on e-4 (Syn 
(anti 
+ 28 
+23.5 
0H3+21,5 - 14 
CH3+ 21 - 13 
OH3+ 2 
GH3+ 7 
Tiglic aldehyde anti + 21 CH2+ 19 CH3+4 - 3 
Methyl-2-
p en t ene-2-on e-4 anti + 13 CHg+ 19 CH3-4 0 
Mesityl oxide (Syn 
(anti 
OH,+11 
OH^O 
CH,+ 14 
CH|+ 14 
- 15 
- 15 
OH,- 1 
CH^- 1 
Positive and negative values, given in ops, correspond 
respectively to upfield and downfield shifts between CCl^ 
and CgDg solutions. The observed effects are consistent 
with a specific interaction between benzene and unshared 
electron pairs on nitrogen and Pxygen atoms of the oxime. 
It is noteworthy that little change is observed when 
passing from a svn- to anti- form. 
- 108 « 
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Gharaoterlzation of Azasteroids. 
Ultraviolet Spectroscopy, 
Rearrangement of ano^ -unsaturated ketoxime may 
lead to the formation of an ,6-unsaturated lactam or an 
enamine, depending upon the stereochemistry of the starting 
oxime. The syn- oxime on Beckmann rearrangement gives an 
c(,p-unsaturated lactam (CXVIII) and the anti-oxime leads 
to an enamine (CXIX). 
(CXVIII) 
This distinction "between the two structures can be made 
133 
by the use of u.v, spectroscopy. Mazur , on the basis 
of studies on isomeric isophorone oximes, has shown that 
oftp-unsaturated lactams of the type (CXVIII) showed 
absorption maxima around 220 mji while those of the type 
(CXIX) absorb around 240 i^.Q.v. spectral data for a 
number of azasteroids are compiled in Table XVI. 
Infrared Spectroscopy. 
The CsO absorption in dilute solution, of lactams 
of six membered rings or larger is near 1680 cm"^ (5.95 ji)» 
- Ill -
Fusion of the lactam ring generally increases the 
frequency by 20-50 cm""^ . N-H absorption frequency in 
cyclic lactams and related products is generally observed 
near 3420 cm"^. I.R, spectral data for a number of 
azasteroids are recorded in Table XVI. 
Ifuclear Magnetic Resonance Spectroscopy. 
The nuclear magnetic resonance spectroscopy has 
been found to be useful in the identification of isomeric 
forms of steroidal lactams due to the deshielding effect 
of nitrogen on the adjacent proton/s. Shoppee et al.^^^ 
have made the use of this technique in determining the 
structure of the lactam (C3CX) obtained by the Beckmann 
rearrangement of 5o<-cholestan-7-one oxime (CXXI). 
H 
(cxn) (cxx) (CXXII) 
The nuclear magnetic resonance spectrum of (CXX) exhibited 
(i) a complex signal at 0 5.5 for the proton of the NH-
group, readily exchangeable with deuterium, and (ii) a 
multiplet at ^3*24 of area corresponding to the single 
- 112 « 
8|i-proton adjacent to the nitrogen atom. It has been 
argued that the alternative 7a-oxo-7-aza-structure (CXXII) 
would require the presence of a multiplet of area corres-
ponding to the two protons (6o^ -and 6p-protons), 
134 
Shroff has recently studied the n.m.r. spectra 
of the snasiine ando( ,p-unsaturated, laetams and characterised 
the C2-methylene resonance signals, which are different 
for the two isomers. He chose 4a-methyl- -octahydro-
quinoline-2,7-dione (CXXIIl) as the model compounds All 
the proton signals in the spectrum of this molecule can 
be assigned, particularly the resonance of the methylene 
group adjacent to the enamine lactam. The resonance of 
the protons of this methylene group was observed at "^ >2,60. 
The corresponding methylene proton resonances of 4-methyl-
4-azapregn-5-ene-3,20-dione and 4-a2;apregn-5-en-20^-ol-3-
one were also observed in the same region (Table XT) as 
expected. However, they were distinctly different for 
17^-acetoxy-3-aza-A-homoandrost-4a-en-4-one and 
acetylamino-3-aza-A-homoandrost-4a-en-4-one, The C2-
methylene proton of the latter compounds show significant 
downfield shift (0,7 p.p,m.) (Table TT) and can be useful 
in distinguishing between the two types of lactams. None 
of the compounds studied showed any significant changes 
in the chemical shifts of the C(18) and C(19) methyl protons. 
CH3 
Gfk 
(cmii) 
- 113 « 
T A B L E - XV 
N>m.r. data for azasteroids (oC.p"imgaturated lactams 
and enamine types) 
Compound C(2)(S) C(18)(£) C(19)(S) 
4a-Methyl- ZA -octahydro- 2.60 
quinoline-2,7-dione 0(3) 
4-Methyl-4-a2apregn-5-ene- 2.54 0.66 1.06 
3,20-dione 
4-Methyl-4-azapregn-5-en- 2.52 0.80 1.05 
20p-ol-3-one 
4-Azapregn-5-en-206-ol-3- 2.42 0.82 1*12 
one • 
17^-Acetoxy-3-aza-17-metliyl- 3.17 0.70 1.15 
A-homoandros t-4 a-en-4-one 
17p-Acetylamino-3-aza-A- 3.22 0.87 1.15 
liomoandrost~4a-en-one 
The nuclear magnetic resonance data for a number 
of azasteroids are assembled in Table XVI. 
- 114 « 
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The Beckman rearrangement of the steroidal ketoxLmes 
is one of the most convenient and widely applicable methods 
136 
for obtaining azasteroids . The Schmidt reaction and 
Beckmann rearrangement of several simple, o{,B-unsaturated, 
and substituted ketones and ketoximes, respectively, have 
been carried out and an account of this has been given 
earlier, 
!I!he Beckmann rearrangement of cholesta-3,5-diene-7-
one oxLme (CXXIV) has been reported recently^^®. The 
ketoxime (CXXIV) was shown to be in syn- form (CXXIVa) 
and its Beckmann rearrangement by the method of Craig 
and Naik^®^ gave a single lactam (CXXV), The structure 
of the lactam (CXXV) was established by (a) spectral 
data and (b) chemical evidence, since on catalytic hydro-
genation the lactam was converted into the known lactam, 
7a-aza-B-homo-5o(-cholestan-7->one (CXX). 
NOH 
(CXXIV) (CXXV) 
- 118 « 
The lactam (CXXV) was also prepared by the 
treatment of the ketoxLme (CXXIVa) with thionyl chloride 
but the yield was relatively low. 
The present work was an extension of the Schmidt 
and the Beckmann reactions to cholesta-4,6-dien-3-one 
(CXXVI) and its oxime (CXXVII), respectively. 
CoH. 
(cxm) (CXXVII) 
The Schmidt reaction of cholesta~4,6~dien-3->one (OXXVI): 
3-Aza-A-homochole3ta~4a.6~diene~4~one (CXXVIII)« 
The dienone (CXXVI) was prepared according to 
Dane et The Schmidt reaction of (CXXVI) was 
carried out in two ways: one using sodium azide and 
sulphuric acid in benzene, and the other sodium azide in 
polyphosphoric acid. In either case, the same lactam, 
3-aza-A-homocholesta-4a,6-dien-4-one (CXXVIII) was obtained, 
together with trace amounts of another compound, m,p, 
146°, the very small quantity of which prevented its 
- 119 « 
characterization. It was observed that 6^ -"broinocholest-
4-en-3-one (CXXIX) under Schmidt conditions gave the same 
lactam (CXXVIII); perhaps dehydrobromination occurred 
during the course of the reaction. 
(cxm) (CXXVIII) 
The Beckmann rearrangem^t of cholesta-'4« 6"dien»3~one 
oxime (CXXVII): 5-Aza~A"homocholesta-4a-6~dien~4.one(OXXVIII). 
The ketoxime (CXXVII) was obtained according to the 
method described by Bergstrom and Wintersteiner . It 
was found that 6p-bromocholest-4-en-3-one (GXXIX) under 
the same conditions of oximation suffered concurrent 
dehydrobromination and gave the oxime (CXXVII). The thin 
layer chromatogram of the ketoxime (CXXVII),revealed that 
it was a mixture of the syn- (CXXVIIa) and the anti-
(CXXVIIb) forms in the approximate ratio of 1:3. 
^OH 
HO, 
(CXXVIIa) (CXXVIIb) 
- 120 « 
The column chromatograpliy of (CXXVII) provided two 
fractions. The fraction 'A*, m.p. 154-155®, analysed 
correctly for Cgi^ H^ j^ NO. Its thin layer chromatogram 
showed two adjacent spots indicating that it was a 
mixture of the syn- (CXXVIIa) and the anti- (CXXVIIb) 
oximes in the approximate ratio of 1:5, The other 
fraction 'B*, m.p. 214-215° was found to be the pure in-
form (CXXVIIa), The assignment of configurations to the 
oximes (CXXVIIa) and (CXXVIIh) is "based upon their 
119,120,127 
behaviour under the conditions of Beckmann rearrangement . 
It is pertinent to note that whereas the steroidal ring 
B o^,(3-unsaturated Icetoximes generally exist in one form 1 <ZA only , analogous ring A ketoximes are generally obtained 
as mixtures of two forms 139 
The oxime mixture, m.p. 154-155 , was treated at 
room temperature with p-toluenesulphonyl chloride in 
pyridine for 15 hours and after usual work up, the oxime 
tosylate (CXXX) was obtained as a semisolid mass. The 
individual syn- (CXXXa) and anti- (GXXXb) oxime tosylates 
could not be obtained by fractional crystallization. The 
TsO, 
'OTs 
(CXXXa) (GXXXb) (CXXX) 
- 121 « 
crude oxime tosylate (CXXX) on elutlon tiirough a column 
of alumina gave the tosylate of anti- oxime (CXXXb)(30^), 
m.p. 118-120®, It analysed correctly for Cg^H^gNOgS and 
its infrared spectrum showed characteristic peaks at 
1600, 1170, 1080, 860 and 780 cm"^. Subsequent elution 
afforded the lactam (CXXVIII), aisp. and mixed m.p, 240-42°, 
It analysed correctly for Cgi^H^^NO, The oxime tosylate 
(CXXXb) even after prolonged standing over a column of 
alumina remained unchanged. A similar observation was 
127 
made by Shoppee et al, wh.o noted that the p-acetamido-
ben zenesulphonate of cholest-4-en-3-one anti-oxime (CXYa) 
did not undergo rearrangement under similar conditions. 
The tosylate of the ayn-ketoxime (CXXXa), m.p. 214-15®, 
underwent facile rearrangement by the method of Craig 
and to afford the lactam (CXXVIII). 
The formulation of lactam as (CXXVIII), rather 
than its isomer, 4-aza-A-homocholesta-4a»6-dien-3-one 
(CXXXI), was supported by (a) its spectral properties and 
(b) chemical evidence. 
(CXXVIII) (CXXXI) 
- 122 « 
(a) Spectral data 
The i.r. spectrum of the lactam (CXXVIII) showed 
characteristic peaks at 3200(NH), 1660, 1618 and 1580 cm"^ 
(-C=C-C=C-C-NH-). Its u. v.spectrum showed maxima at 269 mju. 
(log £ 4«26). This value is very close to that reported^^® 
for 7a-aza-B-homocholesta-3,5-dien-7-one (CXXV). 
(CXXVIII) 
max. 269 mp. (log € 4»26) 
(0XX7) 
Xmax. 270 mp (log £4,3) 
Chemical evidence. 
Catalytic hydrogenation of the lactam (CXXVIII) 
furnished 3-aza-A-homo-5o(-cholestan-4-one (CXXXII) 
m.p. and mixed m,p. 296-298°, which analysed correctly for 
Cgt^ H^ i^ NO. Its infrared spectrum showed absorption maxima 
at 3375, 3200 and 1655 cm" - 1 
HN 
(CXXVIII) (CXXXII) (cxv) 
- 123 « 
An authentic sample of the saturated lactam 
(CXXXII) was obtained by the Beckmann rearrangement of 
cholest-4-en-3-one oxime (CXV) followed by catalytic 
127 
hydrogenation , The lactam (CXXXII) was also obtained 
by the Beckmann rearrangement of 5o(-cholestan-3-one 
oxime^^® followed by chromatography®^ 
e x p e r i m e n t a l 
P A R T I 
- 124 « 
All melting points are uncorrected. I,r. spectra 
were determined in KBr with a Perkin-Elmer 237 spectro-
photometer. H.m. r. spectra were run in CDCI3 on a Varian 
A 60/ and HA 100 Mc with IMS as the internal standard. 
Rotations were determined in chloroform. Thin layer 
chromatographic plates were prepared from silica gel S 
and sprayed with a 20^ aqueous solution of perchloj^c acid. 
Petroleum ether refers to a fraction of b.p. 60-80®, N.m.r. 
values are given, in £ p.p.m. (s=singlet, d«dout>let, 
taatriplet, brsbroad, umcastmresolved multiplet centered at, 
mcssSiultlplet centered at). 
3p-Acetoxycholest-5-ene (XXIX). 
A mixture of cholesterol (100 g), pyridine (150 ml) 
and freshly distilled acetic anhydride (100 ml) was heated 
on a steam bath for 2 hours. The resulting brown solution 
was poured into crushed ice-water mixture with stirring. 
A light brown solid was obtained, which was filtered under 
suction, washed with water and acid until free from pyridine 
and air dried. The crude product on recrystallization 
from acetone gave the pure acetate (96 g), m,p» 114-115° 
(lit.^^^ m,p, 116°). 
3p-Acetoxy-6-nitrocholest-5-ene. 
3^Acetoxycholest-5-ene (XXIX)(10.0 g) was covered 
with nitric acid (sp.gr. 1.52, 250 ml) and sodium nitrite 
(10.0 g) was gradually added over a period of one hour 
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with continuous stirring. Slight cooling was also affected 
during the course of reaction, and stirring was continued 
for about 2 hours when a yellow spongy mass separated on 
the surface of the mixture. The mixture was diluted with 
cold water (200 ml) when a green coloured solution was 
obtained. The whole mass was extracted with ether. The 
ethereal solution was successively washed with water, 
dfo BTaHCOj solution (until the washings were pink) and water, 
and dried over anhydrous NagSO^, Removal of the solvent 
provided the nitro compound as an oil which crystallissed 
from methanol (with a trace of acetone)(7.1 g), m.p. 104® 
(lit.^^^ m.p. 103-104°). 
Sp-Acetozy-'S'X'-cholestan-S-one (XU). 
3^Acetoxy-6-nitrocholest-5-ene (6.0 g) was dissolved 
in glacial acetic acid (250 ml) by warming the mixture and 
zinc dust (12.0 g) was added in small portions with shaking. 
The suspension was heated under reflux for 4 hours and a 
few ml. of water was added now and then during the course 
of reduction. The hot solution was filtered, cooled to 
room temperature and diluted with a large excess of ice-
cold water. The precipitate thus obtained was taken in ether 
and the ethereal solution was washed with sodium hydrogen 
- 126 « 
carbonate solution (10^), water and then dried (anhydrous 
NagSO^). Evaporation of the solvent gave an oil which 
crystallized from methyl alcohol (4.12 g), m.p. 128-129° 
(lit,^^^ m.p. 127-128°). 
Gholes t-4-en-5-one (2X1II). 
(a) Cholesteryl dibromide. 
To a solution of cholesterol (10 g) in ether 
(50 ml), a solution of "bromine (2.0 ml) in glacial acetic 
acid (40 ml) was added with stirring. The solution turned 
yellow and promptly set to a stiff paste of the dibromide. 
The mixture was cooled in ah ice bath to 20° and stirred 
with a glass rod for five minutes to ensure the complete 
crystallization of the dibromide. The product was then 
collected on a Buchner funnel and washed with acetic acid 
until the filtrate was completely colourless (14.0 g), 
m.p. 112-113° (lit.^ '^^  m.p. 113°). 
(B) 6p-I)ibromocholestan-*5-one. 
The moist cholesterol dibromide (14.0 g) was 
suspended in acetone (300 ml) in a three-necked round 
bottom flask fitted with a stirrer and dropping funnel. 
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The suspension was stirred for 5 minutes and Jones 
r e a g e n t ( 2 0 ml) was then added in small portions from 
dropping funnel in course of 20 minutes. The temperature 
of reaction mixture, during oxidation, was maintained 
Ijetween 0-5® toy external cooling. After the addition 
was completed, stirring was continued for 15 minutes and 
cold water (400 ml) was added. The product was collected 
on a Buchner funnel and washed thoroughly with cold water 
and methanol (10.0 g), m,p, 73-75® (decomp.) (lit,^^^ m.p, 
73-75°), The dibromoketone moist with methanol was 
subjected to debromination immediately after its preparation 
since it decomposes on standing. 
(0) Cholest-5-en-3-one. 
The moist 5o^,6B-dibromocholestan-3-one (10.0 g) 
was dissolved in ether (200 ml) and glacial acetic acid 
(5,0 ml) was added. Zinc dust (15.0 g) was then added 
in small portions during 30 minutes with continuous 
shaking. After the addition was completed, the ethereal 
solution containing suspended zinc dust was filtered into 
a separating funnel. The colourless ethereal phase was 
then washed with water, NaHGOg solution (5?^ ) and water 
and dried (NagSO^). Evaporation of the ether left an 
oily residue which crystallised from methanol to give the 
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desired product as large colourless prisms (6.0 g), m.p. 
126-127° (lit.^ '^ ^ m.p. 129°). 
(D) Isomer!zation of cholest~5~en-5~one to cholest~ 
4»en~3-one (XLIII). 
A solution of cholest-5-en-3-one (6.0 g) in 
ethanol (60 ml) containing oxalic acid (0,8 g) was 
heated under reflux for 15 minutes. The reaction 
mixture was poured into water and extracted with ether. 
The ether extract was washed with water, NaHCO^ (5?S) and 
water and dried (NagSO^). The oily residue obtained on 
evaporation of the solvent was crystallised from ethanol 
in the cold to give (XLIII) (4.0 g), m.p, 80° (lit,^^^ 
m.p, 81-82°), 
Cholest-4-en-3-one (XLIII) by Op-penauer oxidation of 
cholesterol. 
Aluminium t-butoxide^^® (4,0 g) was dissolved in 
dry benzene (60 ml) by heating the mixture under reflux 
for a short time. Cholesterol (2,0 g) was added and the 
mixture heated under reflux for an hour on a steam bath. 
Dry acetone (AnalR) (50 ml) was then added through the 
condenser and heating continued for 8 hours. The resulting 
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yellow coloured mixture was treated with water (10 ml) 
and washed with sulphuric acid (10?S), NaHCOj solution 
(5^) and water and dried (FagSO^). Kemoval of the solvent 
under reduced pressure left an oily residue which was 
subjected to column chromatography over neutral alumina 
(40 g). ELution with petroleum ether and "benzene gave 
pure cholest-4-en-3-one which crystallised from methanol 
(1,0 g), m.p. 84° (lit.^ '^'' m.p. 81-82°). 
5p~Hydroxy~5c<-oholestane (LXX)> 
To a solution of cholesterol (1.0 g) in absolute 
ethanol (30 ml) was added Pd-C catalyst (10?S, 250 mg) and 
the mixture was shaken in an atmosphere of hydrogen at 
50 lb p.s.i. for 30 hours. After removing the catalyst 
by filtration, the filtrate was poured into water and 
extracted with ether. The ethereal solution was washed 
with water and dried, over anhydrous NagSO^, Removal of 
the solvent gave an oily residue (IXX) which crystallized 
from methanol (850 mg); m.p. 140-142°; ^ o/J^^O + 24.5° 
(lit,^^® m.p. 142°; + 24°). 
5tf(-Cholestan-3-one (XLVIX). 
A solution of 3p-hydroxy-5<K-cholestane (IXX) (1.0 g) 
- 130 « 
in acetone (100 ml) was cooled to 0-5® and to the cold 
solution was added Jones reagent (4,0 ml) in dropwise 
manner during 15 minutes. After the addition was completed, 
the reaction mixture was allowed to stand in the cold 
(0-5°) for 30 minutes and then, poured into ice-cold 
water. The product (XLVII) was extracted with ether and 
the ether extract, was washed with NaHCOg solution (5^) 
and water and dried (ITagSO^ )* The oily residue obtained 
on evaporation of the ether was crystallised from methanol 
(600 mg), m.p. 130-132° (lit.^^® m.p. 129-130°). 
3p>-Chlorocholest-5-ene. 
Cholesterol (50 g) and freshly purified thionyl 
chloride (37.5 ml) were mixed together at room temperature, 
A vigorous reaction ^sued and the solid material changed 
to a brown viscous liquid. The reaction mixture was kept 
at a temperature of 50° on a water bath for an hour and 
then poured on to crushed ice and water. A yellow oil 
separated which solidified afterwards. The solid was 
filtered under suction and washed several times with 
water and air dried. Recrystallization from acetone 
gave the pure product (46 g), m.p. 95-96° (lit.^^^ m.p. 
96-97°). 
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Cliolest-5-ene (XXXVII), 
3p-Chlorocholest-5-ene (10.0 g) was dissolved in 
warm amyl alcohol (200 ml) and sodium metal (23,0 g) was 
added in small portions to the solution with continuous 
stirring over a period of 8 hours. The reaction mixture 
was heated occasionally during the course of reaction in 
order to keep the sodium metal dissolved. a?he reaction 
mixture was poured into water acidified with hydrochloric 
acid and allowed to stand overnight. A white crystalline 
solid was obtained which was filtered under suction and 
washed thoroughly with water and dried. Recrystallization 
of the crude material from acetone gave cholest-5-ene 
ii 
89.5-91.2°). 
(XXmi) n cubes (7.0 g), m.p. 94-95° (lit.^®® m.p. 
6-ITi trocholest-5- ene. 
A suspension of finely powdered cholest-5-ene 
(XXXVII) (6.0 g) in glacial acetic acid (50 ml) was 
stirred at room temperature for five minutes. Fuming 
nitric acid (sp.gr. 1.5, 20 ml) was rapidly added and the 
stirring was continued for 2 hours. The temperature of 
the reaction mixture was controlled between 20-25° by 
external cooling. The reaction mixture was then poured 
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into ice-cold water. A yellow solid thus obtained was 
filtered under suction, washed thoroughly with water and 
air dried, Recrystaliissation from ethanol furnished the 
i ( 
117-118°). 
desired conqpound (3.5 g), m.p. 117-118° (lit.^®^ m.p. 
5o(-0holestan-6-one (XLIX). 
6-Hitrocholest-5-ene (6.0 g) was dissolved in 
glacial acetic acid (200 ml) hy heating and to this 
solution zanc dust (12.0 g) was added in small portions. 
After the initial exothermic reaction had subsided, the 
suspension was heated under reflux for three hours and a 
few ml of water added now and then during the course of 
reaction. The solution was then filtered and the residue 
washed with two 10 ml portions of warm acetic acid. To 
the filtrate was added a few ml of water till turbidity 
developed and allowed to stand overnight at room temperature. 
The crystalline material was filtered under suction and 
washed thoroughly with water in order to remove zinc 
acetate. The organic solid was air dried and then 
recrystallissed from ethanol (3.5 g), m.p. 97-98° (lit.^®^ 
m.p. 95-96°). 
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Ctil or 0" &"nl t r o chol es t- 5~ en e. 
To a stirred mixture of finely powdered 3p-chloro-
cholest-5-ene (12 g) and glacial acetic acid (80 ml) was 
added fuming nitric acid (sp. gr. 1.52; 25 ml) and stirring 
continued for 3 hours, Temperature of the reaction mixture 
was not allowed to rise above 20° by external coolinge 
Sodium nitrite (3.0 g) was added in small portions during 
the course of the reaction. Cold water 1200 -ml) was added 
and the yellow solid thus obtained was filtered, washed 
thoroughly with ice-cold water and air dried. Reciystalliza-
tion from ethanol gave the product as needles (9.0 g), 
m.p. 150-152° (lit.^®^ m.p. 149°). 
3p>--Chl0r0-5p<-ch0lestan-6"0ne (UII). 
^i-Chloro-6-nitrocholest-5-ene (6.0 g) was dissolved 
in glacial acetic acid (120 ml) by warming the mixture and 
zinc dust (12.0 g) was added in small portions with shaking 
of the reaction mixture. The suspension was heated under 
reflux for 4 hours and water (12 ml) was added during the 
course of heating. The hot solution was filtered to 
remove zinc powder and the filtrate diluted with water to 
turbidity. The turbid solution was allowed to stand over-
night in the cold. The solid material thus obtained was 
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filtered, washed thoroughly with water and air dried. 
Recrystallization from methanol lUmished (HII) (4,1 g), 
m.p. 127-129° (lit.^®^ m.p. 129°). 
3o^.5p<-Cyolocholestan-6-one (XV). 
A mixture of 3p-chloro-5o(-cholestan-6-one (LIII) 
(2.0 g) and alcoholic KOH (1.5 g in 30 ml) was heated 
under reflux for 1 hour and then poured into water. The 
product was taken in ether and the ethereal solution 
washed with water, dilute hydrochloric acid and water 
and dried (anhydrous HagSO^). Evaporation of the ether 
left sti oily residue which was crystallised from methanol 
(1.2 g), m.p. 95-96° (lit.^®® m.p. 97°). Thin layer 
chromatography of the above product indicated the presence 
of small amounts of impurities which were removed "by 
column chromatography over neutral alumina. The product 
thus purified melted at 97°. 
3p-Acetoxy-6.6-ethylenedioxy-5Q<'-cholestane (igD). 
A mixture of 3p-acetoxy-5o6-cholestan-6-one (XII) 
(1.0 g), ethylene glycol (5 ml, asseotropically dried), 
sodium-dried benzene (150 ml), and p-toluenesulphonic acid 
monohydrate (100 mg) was heated for 8 hours in a Dean and 
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Staxk apparatus. After allowing the reaction mixture to 
attain room temperature, it was treated with NaHCOg 
solution (10^) and extracted with ether. The ether 
extract was washed with water and dried (Na2S0^), Removal 
of the solvents under reduced pressure gave (H) as an 
oil which crystallized from methanol-ether as cubes 
(0.8 g), m.p, 117-118®; J^'^ - 75°; "Vmax. 1733s, 
1238s (acetate); 1133in, 1111m, 1093m, 1081m, 1047s, 
1026s cm'^ (C-0-). 
Analysis. Pound t C, 75.90; H, 10.60. 
^31^52^4 e^i'^ i^ ®®* 76.20; H, 10.70?5, 
Regeneration of 3p-acetoxy-5o^-cholestan-6-one (XLl) 
from the ketal (XL). 
The ketal (XL) (240 mg) was dissolved in acetic 
acid (20 ml) and water (1 ml) and the resultant solution 
allowed to stand at room temperature for 24 hours. On 
gradual addition of water a white precipitate was obtained, 
which was filtered and crystallized (methyl alcohol) to 
give the ketone (XLI) (215 mg), m.p. and mixed m.p. 
128-129°. 
•When water was added, hydrolysis of the ketal occurred 
giving a mixture of the starting ketone and the ketal. 
Mrect addition of NaHOO, however neutralised the acid 
(TsOH) before hydrolysis Qccurred. 
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3«5~Ethylenedloxycholest-'5-ene (XLII), 
A mixture of ethylene glycol (10 ml) and dry 
benzene (150 ml) was heated in a Bean and Stark apparatus 
for 2 hours. Cholest-4-en-3-one (XLIII) (2.0 g) and 
p-toluenesulphonic add monohydrate (100 mg) were then 
added and the mixture was heated under reflux for 10 hours 
with simultaneous removal of water. Saturated sodium 
bicarbonate solution was added to the cold mixture and 
the benzole layer was separated. The organic layer was 
washed with water and dried over anhydrous sodium sulphate. 
Removal of the solvent under reduced pressure left a 
solid material which recrystaliized from methanol-ether 
to give (XLII) (1.4 g), m.p. 133-134° (lit.®° m.p. 134-135®). 
jUialysis. Pound: C, 81.08; H, 11.13. 
Oalcd. for CggH^gOgJ C, 81.25; H, 11.29?^ . 
3.3-Ethylenedioxy-5of-cholestane (XLVI). 
A mixture of 5o«-eholestan-3-one (XL7II) (2.0 g), 
ethylene glycol (10 ml. azeotropically dried), dry benzene 
(175 ml), and p-toluenesulphonic acid monohydrate (100 mg) 
was heated for 8 hours in a Dean and Stark apparatus. 
After allowing, the reaction mixture to attain room 
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temperature, it was treated with NaHCOg solution (10^) 
and extracted with ether. The ether extract was washed 
with water and dried over anhydrous NagSO^. Removal of 
the solvents under reduced pressure gave (XLVI) as a 
solid which was recrystallized from ethanol (1,4 g), 
m.p. 111-112° (lit.^^® m.p. 111-113°). 
Analysis. Foxind j C, 80,71; H, 11,78. 
CggHgQOg requires $ C, 80,87; H, 11.70?^ . 
5.3-Ethylenedioxy-5o<-cholestane (XLVI) by catalytic 
hydrogenation of the ketal (XLII). 
To a solution of 3f3-ethylenedio2ycholest-5-ene 
(XLII) (1.0 g) in absolute ethanol (50 ml) and hexane 
(25 ml) was added 10?^  Pd-charcoal catalyst (250 mg) and 
the mixture was hydrogenated at 50 lb. p,s,i. for 20 hours, 
The catalyst was then filtered off and the solvent was 
removed under reduced pressure. The solid residue (XLVI) 
thus obtained was recrystallized from ethanol (600 mg), 
m.p. 112-113° (lit.^®® m.p. 111-113°). Mixed m.p. with 
another sample of (XLVI) obtained above showed no depres-
sion. 
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Regeneration of 5c<»oholesta?i~3~one (XLVII) from (XLVI). 
The ketal (XLVI) (200 mg) was dissolved in acetic 
acid (20 ml) and water (1 ml) and the resultant solution 
was warmed on a water "bath for 1 hour. The reaction 
mixture was then poured into water and extracted with 
ether. The ether extract was washed with NaHCOg (5^) 
and water and dried (NagSO^). Evaporation of the ether 
left an oily residue which crystallized from methanol to 
give (XLVII) (160 mg), m.p. 130-132° (lit.^^® m.p. 129-30®). 
6.Ethylenedioxy-5o(~cholestane (XLVIII). 
A mixture of 5o<-cholestan-6-one (XLIX) (2.0 g), 
ethylene. giyG6l( 10 ml; azeotropically dried), soditim dried 
benzene (150 ml), and p-toluenesulphonic acid monohydrate 
(100 mg) was heated for 10 hours in a Dean and Stark 
apparatus. After allowing the reaction mixture to attain 
the room temperature, it was treated with saturated NaHCOg 
solution and extracted with ether. The ethereal layer 
was washed with water and dried (NagSO^). Removal of the 
solvents under reduced pressure gave (XLVIII) as an oil 
which failed to crystallize (1.3 g). It was purified hy 
column chromatography and the pure product was found to he 
homogeneous by t.l.c. 
Analysis. Found: C, 80.70; H, 11.54. 
CggHgQOg requires: C, 80.87; H, II.7O9S, 
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Treatment of the oil (XLVIII) with aqueous acetic 
acid as described ahove regenerated the parent ketone 
152 (XLIX) quantitatively, m.p. and mixed m.p, 96-97®"" % 
I'-Methyl-S.S-ethylenedioxycholest-S-ene (L). 
A mixture of cholest-4-en-3-one (HIII) (2.0 g), 
propane-l,2-diol (10 mjj azeotropically dried), sodium 
dried "boazene (150 ml), and p-toluenesulphonic acid 
monohydrate (100 mg) was heated under reflux in a Dean-
Stark water separator for 10 hours. After allowing the 
reaction mixture to attain room ten^erature, it was 
treated with NaHOO^ solution (10^) and extracted with 
ether. The solvent layer was washed with water and dried 
(NagSO^). The oily residue obtained after the removal of 
organic solvents under reduced pressure was crystallized 
from ethanol-ether (0,98 g), m.p. 132-34°. Recrystalliza-
tion from the same solvent raised the m.p. to 138° 
(homogenous by t.l.c., benzene); / T ^ J ^ - 24°; 
S}max. 1626 ()0=CO; 1120s, 1040s. 1026s cm'^(C-O-). „„ 
c I 3 V 3 
N.m.r. 6 3.3d (J = 6 cps) (-O-CHg-CH-O-); 3.8 umc (- 0- CH g- CH-O-); 
5.16 umc (06-vinyl proton); 0.66 (C18-protons)| 0.98 
(C19-protons); 0.81, 0.9 (other methyl groups); l,16d 
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(J s= 6 cps) (methyl group of the ketal ring) . 
Analysis. Found : G, 81.26; H, 11.12, 
CgQHgQOg requires : C, 81.39; H, 11.28?$. 
Regeneration of cholest--4»en-'3-one (XLIII) from (1), 
A. mixtare of the tetal (L) (250 mg), ethanol 
(25 ml) and aqueous oxalic acid (100 mg in 1 ml water) 
was warmed on a water "bath for 30 minutes. The product, 
isolated in the usual manner, was crystallized from 
ethanol (210 mg), m.p, and mixed m.p. 80 
5p"Chloro-6.6~ethylenedioxv~5o<~cholestane (LII). 
A mixture of 3p-chloro-5o(-cholestan-6-one (LIII) 
(10 g), ethylene glycol (100 ml; azeotropically dried), 
sodium dried benzene (400 ml) and p-toluenesulphonic acid 
monohydrate (100 mg) was heated in a Dean and Stark 
apparatus for 15 hours. After allowing the reaction 
mixture to attain room temperature, it was treated with 
NaHCOg solution {lOfo) and extracted with ether. The 
solvent layer was washed with water and dried (NagSO^). 
*100 Mc N.M.R. spectrum of the ketal (L) gave identical 
values. 
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The organic solvents were distilled off under reduced 
pressure to give an oily residue which crystallized 
from acetone to give (ill) (7.2 g), m.p. 126® (homogeneous 
by t.l.c,, benzene); { ^ U J ^ + 42.5°; Vmax, 1176s, 
1136s, 1064s, 1042s (C-0-); 763s cm"^ (C-Cl), N.m.r. 
^3«75 mc (1 proton, C1-C3-H); 3»91 mc (4 protons, 
-O-OTg-OTg-O-); 0.67 (0-18 protons); 0.97 (C-19 protons); 
0.83, 0.89, 0.94 (other methyl groups). 
Jinalysis. Found : C, 74.76; H, 10.80. 
CggH^gOgCl requires: C, 74.91; H, 10.97?^ . 
Hydrolysis of the ketal (Ul)s 3B~chloro-5c<-cholestan-
6-one (LIII). 
A solution of the ketal (HI) (200 mg) in acetic 
acid (20 ml) containing water (1.0 ml) was warmed on a 
water bath for 30 minutes and worked-up in the usual 
manner. Crystallization of the crude product from 
acetone afforded 3p-chloro-5o(-cholestan-6-one (HIl) 
(150 mg), m.p. and mixed m.p. 129-30®. 
3o^«5o(-Oyclo-6.6-ethylenedioxychole5tane (LIV). 
A mixture of ethylene glycol (40 ml) and dry 
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benzene (300 ml) was heated in a Dean and Stark apparatus 
for an hour to remove the traces of water. 3o(,5o<-cyclo-
cholestan-6-one (LV) (4.0 g) and p-toluenesulphonic acid 
monohydrate (100 mg) were then added and the mixture was 
refluxed for 12 hours with simultaneous removal of water. 
Saturated sodium hicarljonate solution was added to the 
cold mixture and benzene layer was separated. The organic 
layer was washed with water and dried over anhydrous 
sodium sulphate. Removal of the solvent under reduced 
pressure left an oily residue (4.3 g) which was found by 
t.l.c. (benzene) to contain traces of unreacted ketone 
(LV). Column chromatography of the crude product over 
neutral alumina (90 g) provided pure (LIV) (4.0 g) 
(petroleum ether eluates) as an oil (t.l.c. homogeneous) 
which failed to crystallize. S)max. 3040(w)(>v^  ); 
1040, 1026 cm"^ (C-0-). N.m.r. S 3.85 mc ;{4rprotons;.r 
-O-OTg-CHg-O-); a complex between 0.1 - 0.61 (>C— 
0.96 (C19-protons); 0.73(G18-protons). ^^2 
Analysis. Found : 0, 81.12j H, 11.09. 
CggH^gOg requires : C, 81.25; H, 11.299S. 
o , 
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Reaction of (UV) with aqueous HCl:3p~chloro-5b^~ 
ciiolestaji~6~one (LIII). 
A solution of 3of,5o<'-cyclo-6,6-ethylenedioxy-
cholestane (MV) (350 mg) in acetone (40 ml) containing 
conc, HCl (AnalR) (2.0 ml) and water (1,0 ml) was heated 
at reflux for an hour. The reaction mixture was then 
poured into water and extracted with ether. The ethereal 
solution was washed with water, NaHCO, (5^) and water 
the 
and dried (NagSO^). Evaporation of/ether left an oily-
residue which crystallized from acetone to give (LIII) 
(210 mg), m.p. 132°. Mixed m.p. determination with an 154 authentic sample of (LIII) showed no depression 
LiAlH^ - AIGI3 (1:1) Reduction of 3p~acetoxy~6.6-
ethvlenedioxy-Sc^-cholestane (XL): 5p>-hydroxy~6p~ 
( 2*-hydroxyethoxy)-5o(--cholestane (LVI). 
To a slurry of anhydrous AlCl^ (3.5 g) and LiAlH^ 
(1.0 g) in sodium-dried ether (200 ml) was added a solution 
of the ketal (XL) (1.0 g) in ether (25 ml) over a period 
of 15 minutes. The reaction mixture was heated under 
reflux with continuous stirring for 4 hours. After this 
period,the excess of the reagent was destroyed by the 
addition of a mixture of cold ethyl acetate-ether followed 
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by dilute and cold HgSO^, The ethereal layer was washed 
with water and dried (anhydrous NagSO^). Removal of the 
solvent provided a gum which was chromatographed over 
neutral alumina (20 g, NCL, Poona). ELution with 
t 
petroleum ether-ether (iJl) gave (IVI) as a solid, which 
was recrystallized from petroleum ether (40-60°) (0,63 g), 
m.p. 108-110®; C ^ J ^ - 66.4®;, Vmax. 3345m(br)(OH); 
1150m, 1095m, 1050 cm"^ (C-0-). The diol (LVI) was also 
V 
obtained from (LVII) on alkaline hydrolysis. 
Analysis. Pound i 0, 77.30; H, 11.50. 
CggHggOjj requires : C, 77.60; H, 11,70^, 
} 
5p-Acetoxy-6^(2*-acetoxyethoxy)-5o<-cholestane (IVII). 
The diol (IVI) (500 mg) was dissolved in freshly 
distilled pyridine (1.0 ml) and acetic anhydride (1.0 ml) 
and the mixture allowed to stand at room temperature for 
48 hours. After usual work-up, an oil was obtained which 
crystallized from methanol-ether mixture to give (IVII) 
as needles (330 mg), m.p. 76-77®; C ^ J ^ - 40.5°; 
Vmax. 1738, 1240 (ester carbonyl); 1117, 1050, 1026 cm"^ 
(C-0-). N.m.r. ^4.7 br (C3-H, axial); 3.3m (AcOCH20H20-C6-H)i 
3.58 distorted t. (-O-CHg-GHg-OAc); 4.12 distorted t. 
(-O-CHg-CHgOAc); 2,05s (^COO-); 2.0s (CHgCOO-). 
Analysis. Found s C, 74.1; H, 10,7. 
^35^56^5 : C, 74.4; H, IO.69S. 
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Reaction of the ether (LVII) with BF^etherate-ACop,*, 
The ether (LVII) (500 mg) was dissolved in sodium 
dried ether (5 ml) and to this was added freshly distilled 
acetic anhydride (12 ml) and the solution cooled in an 
ice-Taath. !Dh this solution, freshly distilled and cold 
BFg-etiierats (3 ml) was added and the reaction mixture 
was kept at 0-5° for 60 hours. Usual work-up®^ of the 
reaction mixture provided an oil which was chromatographed 
over neutral alumina (12 g) • Elution with petroleum 
ether (50 ml) gave a small amount of a semi-solid material 
which was crystallized from acetone-ether (ca. 10 mg), 
m.p. and mixed m.p. with cholesteryl acetate 
Further elution with petroleum ether-ether (lOsl) gave 
the unchanged ether (LVII) (320 mg), recrystallized from 
methanol-ether, m.p. and mixed m.p. 76-77°. The reaction 
of (LVII) with BFg was also carried out for 120 hours, and 
also at room temperature, but in each case most of the 
ether (LVII) was recovered unchanged. 
LiAlH^-AlCl» Reduction of 3«5-ethylenedioxycholest-5-
ene (XLII); 5p-(2*-hydroxyethoxy)cholest-5-ene (LVIII), 
To a stirred slurry of LiAlH4(1.0 g) and anhydrous 
AlClg (3.5 g) (in the molar ratio of 1:1) in dry ether 
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(100 ml) was added dropwise an ethereal solution of the 
ketal (XLII)(1.0 g) over a period of 15 minutes. After 
the addition was con^ jlete the reaction mixture was kept 
at its reflux temperature for 4 hours. Excess of the 
reducing agent was destroyed with a mixture of cold ethyl 
acetate and moist ether. Gold, dil HgSO^ was then added 
to decompose the aluminium complexes. The inorganic 
material was removed by filtration and the ethereal layer 
was washed with water, NaHGD^ solution {bfo) and water and 
dried (anhydrous FagSO^). Evaporation of the solvent 
left an oily residue which was chromatographed over 
neutral alumina (40 g). ELution with ether afforded 
3f>-( 2• -hydroxyethoxy) cholest-5-ene (IVIII) (homogeneous 
by t.l.c., petroleum ether + ether, Isl) which crystallized 
from acetone, (600 mg), m.p. 102-104°; C ^ J ^ - 100^5 
Dmax. 3405(0H)j 1630w (>C=0O; 1110s, 1060s cm~^ (C-0-). 
N.m.r. ^3.22 (3o<-H, half-band width 12 cps; axial) 
3.68 umc (-O-CHg-CHg-OH); 5.35br umc (06-vinyl proton); 
0.6 (C18-protons); 1,01 (C19-protons); 0.8, 0.9, 0.96 
( other methyl groups). 
Analysis, Pound s 0, 80.66; H, 11,67. 
GggHg^Og requires : G, 80.87; H, 11.7055. 
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2*>p«Tolueneaulphonyloryethoxy)cholest-S-ene (LX). 
The hydroxyether (LVIII) (0,82 g) was dissolved in 
dry pyridine (2 ml) and to this solution p-toluenesulphonyl 
chloride (0.82 g) was added. The mixture was shaken till 
all the p-toluenesulphonyl chloride was dissolved. The 
reaction mixture was allowed to stand in the dark at room 
temperature for 24 hours. It was poured into crushed 
ice-water mixture and extracted with ether. The ethereal 
layer was washed successively with dil, HgSO^, water and 
ITaHCOg (5^) and dried (anhydrous JTagSO^ ). Removal of the 
solvent provided an oil which crystallized from petroleum 
ether to give (LX) (0.52 g), m.p. 110-111°; ^max. 1640w 
()C=C<); 1600m, 1184s, 1176s (tosylate); 1118, 1035m cm""^  
(C-0-). 
Analysis. Pound j C, 74.50; H, 9.30, 
OjgHggO^S requires: G, 73.97; H, 9.58?^ . 
3^Ethoxycholest-5-ene (LIX) by LiAIH. reduction of 
tne tosylate (LX). 
To a stirred suspension of liAlH^ (0.5 g) in dry 
ether (100 ml) at room temperature was added, over a period 
of 15 minutes, a solution of the tosylate (LX) (470 mg) 
in dry ether (50 ml). The reaction mixture was then kept 
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at Its reflux ten^erature for 1 hour. Excess of the 
reducing agent was destroyed by adding a mixture of cold 
ethyl acetate and ether, and the ethereal solution was 
worked up in the usual manner. The solvent was evaporated 
and the residual oil was crystallized from ethanol to 
yield (LIX) (220 mg), m.p. a»d mixed m.p. 87-88° (lit.^ ®''' 
m.p. 89-90°). 
Analysis. Found : C, 83.84; H, 12.18. 
Calcd. for CggHg^O: C, 83.99} H, 12.15?S. 
sp-p-ToluenesulphOBBvloxycholest-S-ene (LXI). 
To a solution of cholesterol (4.0 g) in dry 
pyridine (10 ml), p-toluenesulphonyl chloride (4.0 g) was 
added and the mixture was shaken. Within five minutes a 
white crystalline precipitate began to form. After the 
reaction mixture was allowed to stand overnight, It was 
taken up in ether, and the ethereal solution was washed 
successively with dil. NaHC02(59S) and water and 
the 
dried (anhydrous NagSO^). Evaporation of/ether left an 
oily residue which crystallized from petroleum ether 
(4.4 g), m.p. 130-132° (lit.^®® m.p. 131.5-132.5°). 
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3p~Ethoxycholest~5"ene (UX) by ethanolysis of 
cholesteryl tosvlate (LXI). 
A solution of cholesteryl tosylate (IXI) (500 mg) 
in absolute ethanol (25 ml) was heated under reflux-, for 
The 
4 hours, Solvent was distilled off under reduced pressure 
and the residue taken in ether. The ethereal solution was 
washed with NaHCOg solution (595), water and dried (anhydrous 
NagSO^). Evaporation of the solvent afforded an oil which 
on crystallization from ethanol yielded thi& Qthei* (MX) as 
needles (280 mg), m.p. and mixed m.p. 87-88°"'. 
2' - Ac et oxyethoxy) cholest-5- ene (IiXIl)« 
The hydroxyether (LVIII) (500 mg) was dissolved 
in pyridine (4.0 ml) and to this solution acetic anhydride 
(4.0 ml) was added. The reaction mixture was -Qircai allowed 
to stand at room temperature for 24 hours. After warming 
on a water "bath for 1 hour it was worked up in the usual 
The 
manner. / :efcher was evaporated to give (LXII) as an oil 
which failed to crystallize (homogeneous by t.l.c., benzene); 
" "S^ max. 1745s, 1235s (acetate); 1650w 
(>C=0<); 1115s, 1050s cm"^ (C-0-). N.m.r, S3.15brmc 
(3o(-H^  axial, half-band width 14 cps); 3.69 distorted t 
(J=5 cps) (-O-OTg-OHg-OAc)J 4.21 distorted t (J»5 cps) 
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(-0-CH„-CHo-OAc): 5.35TDr umc (C6-vinyl proton), 2.05s 
ft ^  
(-O-C-OTj); 0.68 (C18-protons); 1.01 (C19-protons); 
0.83, 0,89, 0.94 (other methyl groups). 
Analysis. found : C, 78.62; H, 10.91. 
Cj^HggOg requires : C, 78.81; H, 11.01^. 
Reaction of the ether (LXII) with BF^ - etherate-Ac»0. 
A solution of the ether (IXII) (520 mg) in dry 
ether (5 ml) and acetic anhydride (20 ml) was cooled to 
0° and to this freshly distilled BP^etherate (3.5 ml), 
which had also been previously cooled to 0°, was added. 
After 15 hours at 0®, the dark brown coloured mixture was 
poured into ice-cold water, and after a few hours, extracted 
with ether. The ether extract was washed with NaHCO^ 
solution (5^) and water and dried (anhydrous NagSO^). 
Evaporation of the solvent left a semi-solid material 
(465 mg) which was subjected to column chromatography 
over neutral alumina (10 g). Elution with petroleum ether 
and petroleum ether + benzene (1:1) furnished cholesteryl 
acetate (XXIX) (350 mg) which crystallized from acetone, 
m.p. 112-13°; mixed m.p. with an authentic sample of 
cholesteryl acetate (XXIX) showed no depression. 
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3p"(2'~Hydroxyethoxy)cholest~5-ene (LVIII) by the 
Interaction of cholesteryl tosylate (LXI) and 
ethylene glycol. 
To a solution of cholesteryl tosylate (IXI) 
(1.0 g) in dry dioxan (40 ml) was added freshly distilled 
ethylene glycol (10 ml) and the mixture was heated under 
reflux for 4 hours. The reaction mixture was then poured 
into water and extracted with ether. The ether extract 
was washed with NaHOOg solution (5?$) and water and dried 
(anhydrous NagSO^). The oily residue obtained on evapora-
tion of the solvent was crystallized from acetone to give 
(LVIII) (620 mg), m.p, 94-96®. Recrystallization from 
the same solvent raised the m.p. to 100-102°/~I.r. and 
t.l.c, identical with another sample of (LVIII) obtained 
from (XLII)_7'. Column chromatography of the mother liquor 
over neutral alumina gave a small amount (20 mg) of 
Choiesta-3,5-diene (XCIX), m.p. 80° (lit.^®^ m.p. 80°). 
Oxidation of the hydroxyether (LVIII) with Jones reagent, 
A solution of the hydroxyether (LVIII) (500 mg) 
in acetone (100 ml) was cooled to 0-5°. Jones reagent 
(2.0 ml) which had also been previously cooled to 0-5°, 
was then added dropwise in course of 15 minutes with 
continuous shaking of the reaction mixture. After the 
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addition was completet the reaction mixture was allowed 
to stand in the cold (0-5°) for 2 hours and then poured 
into cold water. The product was taken in ether and the 
ethereal layer was washed thoroughly with water and dried 
(anhydrous NagSO^), Removal of the solvent provided a 
solid (homogeneous by t.l.c., "benzene and chloroform, 
1:4) which was recrystallized from petroleum ether to 
give the acid (LXIV) (270 mg), m.p. 161°; J ^ - 20®; 
"Vmax. 3380br, 2640w, 2540w (-COOH); 1720s (-COOH); 
1260s; 1140s cm"^ (0-0-). 
Analysis. found : 0, 78.21; H, 10.67. 
CggH^gOg req.uires i 0, 78.32; H, 10 
Reaction of the acid (liXIV) with diazomethane. 
(a) Preparation of diazomethane: 
A mixture of diethyl ether (160 ml) and AOfo aq. 
KOH (45 ml) was cooled to 5°. To this was added with 
continuous cooling and efficient stirring, finely powdered 
N-nitrosomethylurea (15 g) in small portions as rapidly as 
the crystals dissolved. The solution which contained 
diazomethane (ca 4.1 g) was dried for several hours over 
KOH or soda lime. 
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(•b) Reaction of the acid (LXIV) with diazomethane. 
A solution of the acid (LXIV) (100 mg) in ether 
(5 ml) was cooled to 0-5° In an ice-water mixture. An 
ethereal solution of freshly prepared diazomethane (from 
1,0 g of nitrosomethylurea) was added to the above solution 
and the reaction mixture was allowed to stand in the cold 
(0-5°) for 30 minutes. Excess of diazomethane was destroyed 
by adding a few drops of glacial acetic acid. The ethereal 
solution was worked up in the usual manner. Evaporation 
of the ether left an oily residue which was crystallized 
from acetone in the cold, m.p. 103-104°; C " ^ J ^ " 
Vmax. 1720s (-COOMe)j 1620w (>C=C<); 1200s; 1125s, 
1100m em''^(C-0-). 
Analysis. Potmd : 0, 78.38; H, 10.81. 
^30^50^3 * 78.55; H, 10.99^. 
LiAlH^ - Reduction of 3.3-ethylenediory-5o(-
cholestane (XLVI). 
To a stirred sluriy of LiAlH^ (1.0 g) and anhydrous 
AlClg (3.5 g) (in the molar ratio of 1:1) in dry ether 
(50 ml) was added an ethereal solution of the ketal (XLVI) 
(1.0 g) dropwise over a period of 15 minutes. After the 
addition was complete the reaction mixture was stirred 
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magnetically for 4 hours. Excess of the reducing agent 
was destroyed with a mixture of cold ethyl acetate and 
moist ether. Cold, dil. HgSO^ was then added to dec0n5)0se 
the aluminiumocpmpex^. The inorganic material was removed 
"by filtration and the ethereal layer washed with water, 
NaHCOg solution (5^) and water and dried (anhydrous NagSO^)* 
Evaporation of the solvent provided an oily residue which 
was chromatographed over neutral alumina (40 g), Elution 
with "benzene afforded 3p-( 2'-hydroxyethoxy)-5c5(-cholestane 
(IXVI)(homogeneous "by t.l.c,, benzene) which was crystal-
lized from acetone in fine white plates (620 mg), m.p. 
145-146°; C ^ J ^ + 25®J ^)max. 3410(0H); 1110; 1058 cm"^ 
(C-0-), If.m»r. 0 3.23 (3o4-H, half-band width 12 cps, axial); 
3,65 umc (05-0-OHg-CHg-OH); 0,6, 0.8, 0.9 (five methyl 
groups). 
Analysis. fotrnd : C, 80.22; H, 12.20. 
CggHggOg requires s C, 80.49; H, 12.11^. 
3p-( 2*-Acetoxyethoxy)-5o<-cholestane (LXVII). 
To a solution of the glycol ether (LXVI)(500 mg) 
in dry pyridine (4 ml) was added acetic anhydride (4 ml) 
and the reaction mixture was kept at room temperature 
for 24 hours. After warming on a water bath for 1 hour 
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it was poured into crushed ice-water mixture and extracted 
with ether. The ether extract was washed successively 
with dil. HgSO^, water, NaHCOg solution (5/o) and water 
and dried over anhydrous NagSO^. Removal of the solvent 
provided an oil (homogeneous by t.l.c., benzene) which 
was crystallized from acetone in needles (320 mg), m.p. 
66°; - 30°; S^max. 1740s, 1240s (acetate); 
1155s, 1052s cm~^ (0-0-). 
Analysis. Found : C, 78.30; H, 11.38. 
Cg^Hg^Og requires : 0, 78.42; H, 11.47/». 
3p-(2*-Hydroxyethoxy)-5o<~chole3tane (IXVI) by catalytic 
hydrogenation of (LVIII). 
A solution of the unsaturated hydroxyether (IVIII) 
(1.0 g) in dry ether (20 ml) and glacial acetic acid (40 ml) 
was hydrogenated at 50 lb. p.s.i. for 4 hours using platinum 
oxide (100 mg) as the catalyst. The catalyst was removed 
by filtration and the filtrate poured into water and 
extracted with ether. The ethereal layer was washed with 
water, NaHC02(59S) and water and dried (anhydrous NagSO^). 
The solid residue obtained on evaporation of the solvent 
was recrystallized from ethanol (720 mg), m.p. 144-145°. 
Mixed m.p. with another, sample of (LXVI) obtained from the 
ketal (XLVI) showed no depression. 
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BFg etherate - ACoO cleavage of 5|g>~( 2'~acetoxyethoxy)" 
5o<-choleatane (LXVII)> 
A solution of the acetate (LXVII) (300 mg) in dry 
ether (5 ml) and acetic anhydride (15 ml) was cooled to 
0-5° and to this freshly distilled BP^-etherate (2,5 ml), 
which had also been previously cooled to 0-5® was addedl 
After 20 hours at 0-5°, the reaction mixture was poured 
into ice-cold water, and after a few hours, extracted 
with ether. The ether extract was washed with NaHCOg 
solution (5^) and water and dried (anhydrous NagSO^). 
Removal of the solvent left an oily residue which was 
found by t.l.c. (petroleum ether + benzene, Isl) to be a 
mixture of three compounds. After hydrolysis (lOjS 
alcoholic KOH, overnight at r.t.) and chromatography over 
neutral alumina (8,0 g), the petroletim ether eluates 
gave cholest-2-ene (LXVIII) (60 mg), crystallized from 
acetone, m.p. m.p. 75°), Blution with 
benzene gave cholestan-3o^-ol (LUX) (90 mg),crystallized 
from acetone, m.p. 182°(lit,^^^ m,p, 182°). The ether 
eluates afforded cholestan-3^-01 (XXX) (110 mg), which 
crystallized from acetone, m.p. 139-141° (lit.^^^ m.p. 142°) 
Oxidation of the hydroxyether (LX7I) with Jones reagent. 
To a cold (0-5°) solution of the hydroxyether (IXVI) 
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(500 mg) in acetone (distilled over KMhO^) (100 ml) was 
added Jones reagent (4.0 ml) in a dropwise manner during 
a period of 15 minutes. The reaction mixture was then 
allowed to stand in the cold (0-5°) for 2 hours and worked 
up in the usual manner. The solid residue obtained on 
evaporation of the solvent was crystallized from petroleum 
ether to give the acid (LXXV) (260 mg), m.p. 168°; 
C ' ^ J ^ + 50°; S)max. 3200l3r, 2680w, 2550w (-COOH); 
17108 (-COpH); 1220s; llOOm, 1030m cm""^  (C-0-). 
Analysis. Found : 0, 77.87; H, 11.30. 
CggHgQOg requires : C, 77.97; H, 11.28^. 
Reaction of the acid (LXXV) with diazomethane. 
A solution of the acid (LXXV) (150 mg) in ether 
(5 ml) was cooled to 0-5° and to this was added an excess 
of ethereal solution of freshly prepared diazomethane 
(from 1.5 g of N-nitrosomethylurea). The reaction mixture 
was then allowed to stand in the cold (0-5°) for 30 minutes. 
Excess of diazomethane was destroyed by adding a few drops 
of glacial acetic acid. The ethereal solution was worked 
up in the usual manner. Evaporation of the solvent left 
an oily residue which was ciystallized from acetone in the 
cold to yield the methyl ester (LXXVI) (90 mg)~, ip.p. 77-78°; 
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C ^ y ^ + i?max. 1718s (-^OMe); 12o6s; 1130s, 
1030m cm"^ (C-0-). 
itoalysis. Found : C, 78«13; H, 11.24, 
CgQHggOg requires : C, 78.20; H, 11.38?S. 
LIAIH^ - AlClg Reduction of 6.6-ethylenedloxy-5o(" 
cholestane (XLVIII)? 6B-(2*~hydro:gyethoxy)~5o(-'Ctiolestane 
( L X X V I I ) . ' 
6,6-Ethylenedioxy-5>(-cholestane (XLVIII) (1,0 g) 
was subjected to LiAlH^ - AlCl^ reduction in the manner 
described for (XLII), The crude product (ca 1 g) was 
chromatographed over neutral alumina (40 g). Elution with 
petroleum ether and benzene (5:1) and (5:3) gave 6p-(2'-
hydroxyethoxy)-5o^-cholestane (LXXVII) (homogeneous by 
t.l.c,, petroleum ether + benzene, 3:7) which was crystal-
lized from petroleum ether in the cold (640 mg)? m,p. 
64-65°; - 37.5°; Vmax. 3400(OH), 1100, 1048 cm"^ 
(C-0-). N.m.r. $3.25 (H-G6-0-; half-band width 5 cps, 
equatorial)®®*®''',' 3.60 umc (ce-O-CHg-CTg-OH); 0.7 (018-
protons); 0.92 (C19-protons); 0.82, 0.89 (other methyl 
groups), 
itoalysis. Pound : C, 80,60; H, 12.01, 
®29®62®2 * 80,49; H, 12.11?$, 
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6p~(2*-Acet0yyeth03y)-5?(~0h0le8tane (LXXIX), 
6pr( 2'-Hydroxyetiioxy)-5X-cholestane (LXXVII) 
(100 mg) was dissolved in dry pyridine (2.0 ml) and to 
this acetic anhydride (8,0 ml) was added. The reaction 
mixture was allowed to stand at room ten5)erattire for 
24 hours and then ivanaed on a water bath for 1 hour. 
Usual work-up procedure gave (LXXIX) as a noncrystallizalsle 
oil (95 mg) which was purified by column chromatography; 
C ^ J ^ - 40°; S^max. 1730s, 1236s (acetate); 1120s, 
1050s cm""^  (C-0-). 
Aaalysis. Found « C, 78.50; H, 11.36. 
^31^54^3 ' C, 78.42; H, 11.47^. 
Reaction of the ether ( L m x ) with BP^-Ac^O. 
A mixture of the ether (LXXIX) (100 mg) in dry 
ether (4.0 ml), acetic anhydride (5 ml) and freshly 
distilled BF^ etherate (l.O ml) was allowed to stand at 
0-5° for 60 hours. The reaction mixture was then poured 
into ice-cold water, and after a few hours, extracted 
with ether. The ether extract was washed with NaHCO^ 
solution (10?^ ) and water and dried (anhydrous NagSO^). 
Evaporation of the solvent gave the unchanged ether (LXXIX) 
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(identified toy t,I.e.,and i.r. spectra). 
To a warm solution of 53{-cliolestan-6-one (XLIX) 
(3.2 g) in at>solute ethanol (250 ml) was added metallic 
sodiiim (20.0 gf large excess) over a period of 2 hours 
with continuous stirring with a magnetic stirrer. The 
mixture turned yellow and then gradually faded to a dirty 
brown colour. Towards the end of this reaction period, 
the reaction "became very slow and the reaction mixture was, 
therefore, heated. Uhen no more sodium remained undissolved, 
the reaction mixture was diluted with water (200 ml). On 
acidification with dilute hydrochloric acid, a white solid 
material precipitated, which was extracted with ether. The 
ethereal extract was washed with NaHCO^ solution (5^), 
water and dried (anhydrous NagSO^). Evaporation of the 
solvent left an oily residue which was subjected to column 
chromatography over neutral alumina (75 g). The column 
was eluted with petroleum ether (200 ml, fraction 1); 
petroleum ether + benzsene (3:1, 200 ml, fraction 2); 
petroleum ether + benzene (1:1, 200 ml, fraction 3); 
benzene (200 ml, fraction 4), benzene (100 ml, fraction 5); 
benzene + chloroform (3:1, 100 ml, fraction 6); benzene + 
chloroform (1^1, 200 ml, fraction 7) and chloroform (100 ml, 
fraction 8). 
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Fractions 1-3 famished imchanged 5of-cholestan-
6-one (XLIX), crystallized from ethsjaol (0.6 g), m.p. and 
mixed m.p. 96-97®, Fraction 4 was foimd by t.l.c. (benzene+ 
chloroform, 6 j1) to be a mixture of 5o(-cholestan-6-one 
(30jIX) and 5o<-cholestan-6p-ol (XXXVIII). Fractions 5-7 
(identical by t.l.c,, benzene + chloroform, 6:1) were 
combined together and crystallized from methanol in cubes 
to give 5o(-cholestan-6ofol (XXXIX) (2.2 g), m.p. 127-28° 
m.p. 129-130°). 
6c»^ -p-!I)oluenesulphonyloxy-5c»(-cholestane (0). 
53(-Cholestan-6o<-ol (XXXIX) (1.5 g) was dissolved 
in freshly distilled pyridine (7.5 ml) and to this solution 
p-toluenesulphonyl chloride (1.5 g) was added. The mixture 
was shaken until all the p-toluenesulphonyl chloride was 
dissolved. The clear solution thus obtained was kept at 
room temperature for 20 hours and worked up in the usual 
manner. Evaporation of the solvent yielded an oily 
substance which was crystallized from acetone in the cold 
(1.45 g), m.p. 108-109°; C ^ J ^ + 66° (lit.^®° m.p. 
109-110°; C ^ J - Q + 68°). 
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Attempted preparation of 2'-hydroxyethoxy)~5o<" 
cholegtane (LXXVII) "by the reaction of (C) with ethylene 
glyooi. 
To a solution of 6o<-p-toluenesulphonyloxy-S>(-
cholestane (C) (500 mg) in dioxan (30 ml) was added 
freshly distilled ethylene glycol (10 ml) and the mixture 
was heated under reflux for 10 hours. The reaction 
mixture was then poured into water and extracted with 
ether. The ethereal solution was washed with NaHCOg 
solution (dfo) and water, and dried (anhydrous NagSO^). 
-The oily residue obtained on evaporation of the solvent 
was chromatographed over neutral alumina (10 g), ELution 
with petroleum ether afforded cholest-5-ene (XXXVII) 
(290 mg) which was crystallized from acetone, m.p. and 
mixed m»p. 92-93®. Further elution with petroleum ether + 
benzene (1«1) and benzene gave traces of 6p-(2•-hydroxy-
ethexy)-5o^-cholestane (LXXVII) and 6o(-(2'-hydroxyethoxy)-
5o<-Choi est ane (LXXVIII)( identified by t.l.c,, petroleum 
ether + benzene, 1:1). 
5p^-0holestan-6p-ol (XXXVIII). 
To a gently warmed and stirred slurry of LiAlH^ 
(1.0 g) in sodium dried ether (100 ml) was added dropwise 
a solution of 5o(-cholestan-6-one (XLIX) (2.0 g) in dry 
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ether (60 ml). After the addition was complete, the 
reaction mixture was kept at its reflux temperature for 
2 hours. Excess of the reducing agent was destroyed by-
adding a mixture of cold ethyl acetate and moist ether. 
Cold, dil. sulphuric acid (100 ml) was then added with 
continuous stirring. The ethereal layer was separated, 
washed successively with dil. HgSO^, NaHCOg solution 
(59S) and water and dried (anhydrous NagSO^), Removal 
of the solvent provided a colourless oil which was 
chromatographed over neutral alumina (60 g). The column 
was eluted in 25 ml portions with petroleum ether 
(fractions I-IO), "benzene + petroleum ether (1j9, fractions 
11-20), benzene (fractions 21-25). 
Fractions 1-7 famished no product. 
Fractions 8-20 (identical by t.l.c., benzene + 
chloroform, 6:1) were combined together and crystallised 
from methanol-ether in the cold to give Eb^-cholestan-ep-
ol (XXmil) (1.06 g), m.p. 81-82° (lit.^®® m.p. 80-82°). 
Fractions 21-25 gave 5C<-cholestan-6b(-ol (XXXIX) 
which was recrystallised from methanol-acetone (90 mg), 
m.p. 128-30°. A mixed m.p. determination with an authentic 
specimen of (XXXIX) showed no depression. 
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6^p~a;olue!n.e3ulphoiiyloxy~5a<"Chole3tane (CI). 
To a solution of 5o(-cholestaJi-6p-ol (XXXVIII) 
(1.5 g) in pyridine (7,5 ml) was added p-toluenesulphonyl 
chloride (1.5 g) and the mixture was shaken until whole 
of the latter was dissolved, -The reaction mixture was 
allowed to stand at room ten^erature for 72 hours. It 
was then poured into crushed ice-water mixture and 
extracted with ether. The ether extract was washed 
successively with dil. HgSO^, FaHCOg solution (5^) and 
water and dried (anhydrous Na2S04). Evaporation of the 
solvent left an oily residue which crystallised from 
acetone (0,82 g), m.p, 91-92® (homogeneous by t.i.c.» 
petroleum ether + benaene, 9 j1); /T^ J*^ - 38°; Vmax, 
1600m, 1180S, 1172S cm'^ (tosylate). 
iinalysis. Pound : C, 75.10; H, 9,92. 
C 
, F c .
'34^54^3^ requires: C, 75.27; H, 9,96^. 
Attempted preparation of 6p-( 2*-hYdroxyethoxy)-5:^-
cholestane (LXXVII) by the reaction of (CI) with 
ethylene glycol. 
6p-p-Toluenesulphonyloxy-5o<-cholestane (CI) 
(500 mg) was dissolved in dioxan (40 ml) and to this 
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solution ethylene glycol (10 ml) was added. The reaction 
mixture was heated under reflux for 4 hours and then 
poured into water. The product was taken up in ether 
and the ethereal layer washed with NaHCOg solution (59S) 
sjid water and dried (anhydrous HagSO^). The ether was 
evaporated to give a semi-solid material which on column 
chromatography over neutral alumina gave cholest-5-ene 
(XXXVII) (petroleum ether eluates) (370 mg), m.p, 93®. 
Mixed m.p. with an authentic sample of (XXXVII) showed 
no depression. No other product was indicated "by t.l.c. 
LiAlH^ - AIOI3 Reduction of l*~methyl-5.3-ethYlenedloxy-
cholest-S-ene (L): 3p>-(l'-methyl-»2*-hydroxyethoxy)oholest-
5-ene (LXXX). 
To a well stirred mixture of LiAlH^ (1.0 g) and 
anhydrous AlCl^ (3.5 g) in dry ether (100 ml) was added 
an ethereal solution of the ketal (L) (1.0 g) dropwise 
over a period of 15 minutes. After the addition was 
complete, the reaction mixture was kept at its reflux 
temperature for 4 hours. Excess of the reducing agent 
was destroyed with a mixture of cold ethyl acetate and 
moist ether. Cold, dil. HgSO^ was then added to decompose 
the aluminium complexes. The inorganic material was 
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removed by filtration and the ethereal layer washed with 
water, NaHCOg solution and water and dried (anhydrous 
NagSO^). Evaporation of the ether left an oily residue 
which was chromatographed over neutral alumina (25 g). 
The column was eluted with petroleum ether + benzene (4:1, 
100 ml, fraction l); petroleum ether + benzene (3:1, 
100 ml, fraction 2): petroleum ether + benzene (2:1, 
100 ml, fraction 3); petroleum ether + benzene (1:1, 
100 ml, fraction 4); benzene (50 ml, fraction 5); benzene + 
ether (2:1, 100 ml, fraction 6); benzene + ether (1:1, 
100 ml, fraction 7) and ether (100 ml, fraction 8). 
Fractions 1 and 2 (identical by t.l.c.) were 
combined together (20 mg) and crystallized from methanol, 
m.p. 33°. 
Fractions 3 and 4 (identical by t.l.c.)(40 mg) 
gave, after ciystallization from acetone, a compound which 
melted at 68°. 
Fraction 5 was a mixture (t.l.c,). Fractions 6-8 
(identical by t.l.c.) were combined together (680 mg) and 
crystallized from acetone to give (LXXX), m.p. 120°; 
C ^ J ^ ' 20°; "?max. 3450(0H); 1640w()C=CO; 1075s, 
104^ cm''^(C-0-). N.m.r. ^>3.3 umc (-O-CH-CHgOH); 3.50d 
(J=4 cps; -O-iH-CHg-OH); 3.71br (3<5(-H, axial, half-band 
width 14 cps)®^; 5.35 mc (C6-vinyl proton); l.lld(J=6 cps; 
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-0-(^H-0H2-0H) J 0.68 (Cl8-protons); 1.01 (C19-protons); 
CH3 
0.83, 0.89, 0.95 (otJier methyl groups). 
jtoalysis. Found : C, 81.19; H, 11.63. 
CjQHggOg requires : C, 81.02: H, 11,79?^ . 
5p-( l*~Methyl'-2*~p~t0luene3ulph0nyl03areth0xy)ch0le3t-
5~ene (LXXXII). 
To a solution of the hydroxyether (LXXX) (600 mg) 
in dry pyridine (5 ml) was added p-toluenesulphonyl chloride 
(600 mg) and the mixture was shaJcen to make it a clear 
solution. It was then allowed to stand at room temperature 
for 48 hours and worked up in the usual wg^. Evaporation 
of the solvent left an oily residue which was crystallized 
from petroleum ether (410 mg), m.p. 150-152®? C ^ S f ^ - 55°; 
V'max.-1630w ()c=OC); 1595m, 1190s, 1180s (tosylate); 
1095 s, 1062 (G-0-). 
Analysis. Pound. : C, 74.11; H, 9.56. 
requires: G, 74.24; H, 9.69^. 
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LiiOH^ Reduction of l*-methyl-2*~p~toluenesulphon.Yloxy-
ethoxy)oilolest^ -5-e^ Ile (LXXXII): 5p~ieoT)roT)yloxycholest-5-' 
ene (LXXXI). 
To a slurry of lithium aluminium hydride (500 mg) 
in boiling ether (100 ml) was added dropvd.se a solution 
of the tosylate (LXXXIl) (250 mg) in dry ether (50 ml)^ 
After the addition was complete, the reaction mixture was 
kept at its reflux temperature for 2 hours. A mixture of 
cold ethyl acetate and moist ether was added carefully 
to destroy the excess of the reducing agent followed "by 
ice-cold dil. sulphuric acid (100 ml). The ethereal layer 
was separated, washed successively with dil. HgSO^, NaHCOg 
(5fo) and water, dried (anhydrous NagSO^) and evaporated. 
The resultant colourless.; oil was crystallized from acetone 
to give 3p-isopropyloxycholest-5-ene (LXXXI) (140 mg), 
m.p. 127-28®. Mixed m.p. with an authentic sample of 
1 fii (LXXXI) showed no depression. 
Analysis. Found s C, 83.96; H, 12.13. 
Calcd. for C^oHggOJ 84.04; H, 12.23?^ . 
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5jR-IsoT)roT)ylo3cychole3t--5~ene (LXXXI) by the interaction 
of isopropyl alcohol and cholesteryl togylate (LXI), 
A solution of cholesteryl tosylate (IXI) (500 rag) 
in isopropyl alcohol (25 ml) was heated under reflux for 
4 hours. Dhe reaction mixture was then poured into isratsr 
and resulting precipitate was taken in ether. The ethereal 
solution was washed with NaHCOg solution (5^) and water 
and dried over anhydrous sodium sulphate. The solid 
residue obtained on evaporation of the solvent was recrys-
tallized from petroleum ether to give (LXXXI) (260 mg), 
m.p. 129-30° (lit.^®^ m.p. 128°). 
Sji"(1 * -Methyl-2* ~ac etoxy ethoxy) chol est-5- ene (LXXXIII). 
A mixture of the hydroxyether (LXXX)(200 mg), 
pyridine (2.0 ml) and acetic anhydride (2.0 ml) was 
allowed to stand at room temperature for 24 hours and 
then warmed on a water bath for 1 hour. The solution was 
poured into crushed ice-water mixture and extracted with 
ether. The ether extract was washed successively with dil. 
sulphuric acid, HaHGOg solution (5fi) and water. After 
drying over anhydrous NagSO^, the ether was evaporated to 
give an oily residue which was purified by column chromato-
graphy but failed to crystallize (homogeneous by t.l.c., 
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iDenzene); /Tf^jl^ N.m.r. &3.37 umc(-0-fe-CH20Ac); 
3 
4.03d (Js!6 cps) (-O-tiH-CHgOAc); 3.76br (3o(-H, axial, 
half-band width 14 cps); 5.35 mc (06-vinyl proton); 
l,16d (J=6 cps, I'-methyl group); 0.68 (C18-protons); 
1.0 (C19-protons); 0.83, 0.89, 0.94 (other methyl groups); 
2.05 (-O-I-CT3). 
Jtoalysis. Found s C, 78.88; H, 11.12. 
CggHg^Og requires : C, 78.96; H, 11.18^. 
Reaction of 3p-(l*-methyl-2*-acetoxyethoxy)chole3t-5-
ene (LXXXIII) with etherate - Ac^O. 
A solution of the acetate (LXXXIII)(400 mg) in 
sodium-dried ether (5 ml) and acetic anhydride (16 ml) 
was cooled to 0° and to this freshly distilled BFg etherate 
( 3 . 0 ml) which had also been previously cooled to 0° was 
added. After 15 hours at 0-5°, the yellow coloured reaction 
mixture was poured into crushed ice-water mixture, and 
after a few hours, extracted with ether. The ether extract 
was washed with NaHCO^ solution (5^) and water and dried 
(anhydrous lagSO^). Evaporation of the ether left a semi-
solid material which was subjected to column chromatography 
over neutral alumina (10 g). Elution with petroleum ether 
0 
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afforded cholesteryl acetate (XXIX) (360 mg) which was 
crystallized from acetone, m.p. and mixed m,p. 112-113®, 
Oxidation of l'-methyl~2'-hydro3cyethoxy)cholest~5-
ene (LXXX) with Jones reagent* 
A solution of the hydroxyether (LXXX) (500 mg) in 
acetone (distilled over KMn0^)(100 ml) was cooled to 0-5 
and to the cold solution was added Jones reagent (2.0 ml) 
in a dropwise manner with continuous shalcing. The reaction 
mixttire was allowed to stand in the cold for 2 hours and 
then poured into water. The product was taken in ether 
and the ethereal solution was washed with water to neutra-
lity (litmus) and dried (anhydrous Fa2S0^), Evaporation 
of the solvent left an oily residue which was crystallized 
from petroleum ether to give the acid (1XXXIV)(260 mg) 
(homogeneous hy t.l.c., "benzene + chloroform, 1:4), m.p, 
144-145°; C ^ j f ' - 40®; ^max. 3400hr, 2600w (-CO®); 
1720s (-C00H); 1630w ()C=C<); lllOs, 1052m cm"^ (C-0-). 
Analysis. Pound s C, 78.46; H, 10.81. 
^30^50^3 : G, 78.55; H, 10,99^. 
- 172 « 
Reaction of the acid (LXXXIY) with diazomettiane* 
A freshly prepared ethereal solution of diazomethane 
(from 1,0 g of nitrosomethylurea) was added to a cold 
(0-5°) solution of the acid (LXXXIV) (100 mg) in ether 
(5 ml) and the reaction mixture was allowed to stand in 
the cold for 30 minutes. Excess of diazomethane was 
destroyed "by adding a few drops of acetic acid and the 
ethereal solution was worked up in the usual manner. 
Removal of the solvent provided an oily substance which 
was crystallized from acetone in the cold to give the 
ester (LXXX7) (55 mg)^/^^®? J ^ - 20° j 'S)max. 
1720s (-COpMe); 1205s; 1140s, llOOm, 1060m cm"^ (C-0-). 
Jinalysis. Pound: C, 78.80; H, 11.12. 
Cgj^ HggOg requires: C, 78.76; H, 11.0995. 
Attempted preparation of (IiXXX) by the interaction 
of cholesteryl tosylate (LXI) and propane~1.2-diol. 
To a solution of cholesteryl tosylate (IXI) (1.5; g) 
in dry dioxan (50 ml) was added freshly distilled propane-
1,2-diol (15 ml) and the mixture was heated under reflux 
for 4 hours. Ihe solution was poured into water and the 
product was extracted with ether. The ether extract was 
- 173 « 
washed with NaHCO^ solution (5^) and water and dried 
(anhydrous NagSO^), The oily residue obtained on evapora-
tion of the ether was crystallized from acetone to give 
a compound melting at 106*^ , The product (m.p, 106®) was 
found by t.l.c. ("benzene + chloroform + ether, 1:3:0.4) 
to "be a mixture of two compounds which could not "be 
separated by column chromatography or preparative t.l.c» 
Reaction of the product^ m.p, 106®, with p~toluenesulphonyl 
chloride in pyridine* 
The product, m.p, 106®, (100 mg) was dissolved in 
dry pyridine (2.0 ml) and to the clear solution was added 
p-toluenesulphororl chloride (200 mg). The reaction mixture 
was shaken until whole of the p-toluenesulphonyl chloride 
dissolved and then allowed to stand at room temperature 
for 48 hours. Usual work-up procedure gave ah oily residue 
which crystallised from petroleum ether (65 mg), m.p. 
114-15®. Thin layer chromatography (benzene + chloroform, 
1:1) showed it to be a mixture of two compounds. 
LiAlH^ Reduction of the tosylate (m.p. 114-115®). 
To a gently refluxing slurry of LiAlH^ (250 mg) 
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in sodium-dried ether (100 ml) was added, over a period 
of 15 minutes, a solution of the tosylate (m.p. 114-115°) 
(50 mg) in dry ether (20 ml). The reaction mixture was 
kept at its reflux temperature for 2 hours. Excess of the 
reducing agent was destroyed by adding a cold mixture of 
ethyl acetate and moist ether. Gold, dil. HgSO^ (50 ml) 
was then added with continuous stirring and the ethereal 
layer was separated. The organic layer was washed 
successively with dil. HgSO^, NaHCOg solution (5^) and 
water and dried (anhydrous Na2S04). Evaporation of the 
solvent left an oily residue which solidified on standing. 
Thin layer chromatography of the crude product showed two 
spots identical with those of 3^n-propyloxycholest-5-
ene (CII) and 3p>-isopropyloxycholest-5-ene (LXXXI), 
resp ectively. 
5p-n-Propyloxycholest-5-ehe (CII) hy the interaction 
of cholesteryl tosylate (LXI) and n-propyl alcohol. 
A solution of cholesteryl tosylate (LXI) (500 mg) 
in n-propyl alcohol (20 ml) was heated under reflux for 
4 hours. The reaction mixture was poured into water and 
the white precipitate thus obtained was extracted with 
ether. The ethereal solution was washed with l^aHCO, 
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solution (5?^ ) and water and dried (anhydrous NagSO^). 
The oily residue obtained on evaporation of the ether 
was ciystallized from petroleum ether to give (CII), 
(260 mg), m.p. 100® (lit.^®^ m.p. 100®). 
LiAlH^- AlClg Reduction of 3p--chl0r0~6.6-ethylenedi03ar~ 
SoC-cholestane (LIl): 3p-ohloro-6p~(E'-hydroxyethoanr)-
5o(~cholestane (LXXXVI). 
To a well stirred mixture of liAlH^ (2.0 g) and 
aluminium chloride (7.0 g) in dry ether (200 ml) was added 
an ethereal solution of the ketal (LII) (4.0 g) dropwise 
over a period of 15 minutes. After the addition was 
complete the reaction mixture was kept at its reflux 
temperature for 4 hours. A cold mixture of ethyl acetate 
and moist ether was then added to destroy excess of the 
reducing agent and aluminium complexes were decomposed 
hy adding carefully cold, dil. HgSO^ (100 ml). The 
ethereal layer was separated and washed successively 
with dil. HgSO^, NaHGOg (59$) and water and dried (anhydrous 
NagSO^)« The oily residue obtained on evaporation of the 
ether was sub;jected to column chromatography over silica 
gel (100 g). Elution with petroleum ether + benzene (3:7) 
gave (IXXXVI) as an oil which solidified on standing 
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(2.4 g) (positive Beilstein test for halogen), m.p. 66°; 
+ 17.5°; S)max. 3333br (0-H); 1098s, 1052s 
(C-0-); 763s cm"^ (C-Cl)« I.m.r. 3.70 mc (4 protons, 
-O-CHg-OHg-OH); 3.45 mc (2 protons, C3-H and C6-H); 
1.96s (1 proton, -0-H, exchangeable with deuterium). 
Jtoalysis. Found \ C, 74.33; H, 11.14. 
GggHg^OgCl requires: 0, 74.59; H, 10.94^. 
3ja-Chloro-6p"(2' -ac etoxyethoxy)-5Q(-cholestane (IXXXVII) 
A mixture of the hydroxy?ether (LXXXVI) (0.5 g) 
pyridine (2 ml) and acetic anhydride (2 ml) was allowed to 
stand at room temperature for 24 hours and then warmed on 
a water bath for an hour. Usual work-up of the reaction 
mixture gave an oil which was purified by chromatography 
(0.52 g), but failed to crystallize. S)max. 1736s, 
1240s (acetate); 1113s, 1050s cm"^ (C-0-). N.m.r. S^.iet 
(2 protons; C6-0CH»CH»0Ac); 3.61 t (2 protons; 06-
OCHgCHgOAc); 3.38 umc (2 protons; C3-H and C6-H); 2.01s 
(-OCOCHg); 0.98 (C19-protons); 0.68 (C18-protons), 
Analysis. Pound : 0, 73.02; H, 10.29. 
Cjj^HggOgCl requires: C, 73.15; H, 10.42?^ . 
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Reaction of the acetate (LXXmi) with BFg etherate-ACgO. 
A solution of the acetate (LXXXVII) (220 mg) in 
dry ether (5 ml) and acetic anhydride (10 ml) was cooled 
to 0-5® and to the cold solution was added freshly 
distilled BP^ etherate (2.0 ml) which had also been 
previously cooled to 0-5°. The reaction mixture was kept 
at 0-5° for 60 hours and then worked-up in the usual 
manner. Evaporation of the ether gave the unchanged 
acetate (LXXOTI) (200 mg)(identified by t.l.c.). 
Sodium-amyl alcohol reduction of 5^chloro-6p-(^»-. 
hydro3cyethoxy)-5o(-cholestane (LXXXVI): 6p-(2*-hydroxyethoyy)• 
5o^-cholestane (LXXVII). 
3p-0hloro-6p-( 2'-hydroxyethoxy)-5o(-cholestane 
(LXXXVI) (200 mg) was dissolved in warm amyl alcohol 
(20 ml) and sodium metal (2.0 g) was added in small 
portions to the solution with continuous heating for 
4 hours. When no more sodium remained undissolved the 
reaction mixture was poured into dilute hydrochloric acid 
and the product was extracted with ether. The ether 
extract was washed with NaHCO^ solution (55$) and water 
and dried (anhydrous NagSO^), The solvent was evaporated 
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and the amyl alcohol was removed iinder reduced pressure. 
The residual oil thus obtained was chromatographed over 
neutral alumina (10 g). Elution with petroleum ether + 
benzene (2:1) gave 6p-( 2'-hydroxyethoxy)-5<3(-cholestane 
(LXXVII) (120 mg) (t.l.c. and i.r. identical with another 
sample of (LXXVII) obtained by LiAlH^-AlClg reduction of 
the ketal (XLVIII). 
LiAlH^-AlCl^ Reduction of SoC^So^-cyclo-S.S-ethylenedioxy-
cholestane (LIY), 
To a stirred slurry of LiAlH^ (2.0 g) and AlGl^ 
(7.0 g) in dry ether (200 ml) was added dropwise an 
ethereal solution of the ketal (LIV) (4.0 g) in a dropwise 
manner over a period of 15 minutes. After the addition 
was complete, the reaction mixture was kept at its reflux 
temperature for 4 hours. It was then treated with a cold 
mixture of ethyl acetate and moist ether to decompose 
excess of the reducing agent. Cold, dil. HgSO^ was added 
cautiously with continued stirring and ethereal layer was 
separated. The solvent layer was washed successively 
with dil» HgSO^, NaHCO^ solution (5^) and water and dried 
(anhydrous Na^SO^). Removal of the solvent furnished an 
- 179 « 
oily residue (3.81 g) which was found by t.l.c, (chloro-
form + 'benzene, 7:3) to be a mixture of several compoimds. 
The components were separated by column chromatography 
over neutral alumina (80 g), Elution with petroleum 
ether (200 ml) furnished 3of,5i?(-cyclocholest-6-ene (LXXXVIII) 
(0,95 g), m.p. 70°; S^max. 3030w (>C^C<) j 3010w, 
1640w, 1617w (>C=CO; 1010m cm'^ (^c—C<). N.m.r. 
£5.33 umc, 5.55 umc (C6- and 07-olefinic protons); a 
complex between 0.66-0.25 (cyclopropane protons); 0.71, 0.85, 
0.93 (five methyl groups)(litm.p. 73°). 
Analysis. Found : G, 87.81; H, 11.78. 
Oalcd. for Cg^H^^ t C, 88.04; H, 11.95?^ , 
Further elution with benzene (200 ml) and benzene + 
CHClg (1:1, 200 ml) gave an oil (0.75 g) of uncertain 
composition. The eluates from chloroform (200 ml) provided 
3p-(2'-hydroxyethoxy)cholest-5-ene (LYIII) (0.55 g), m.p. 
aJid mixed m.p. 104° (t.l.c. and i.r. identical with another 
specimen of (IVIII) obtained by LiAlH^ - jaClg reduction 
of the ketal (XLII). 
E X P E R I M E N T A L 
P A R T II 
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6p~Bromocholest"4--en--3-one (CXXIX). 
5o<^,6p-Dibroraocholestan-3-one (10.0 g) was dissolved 
in absolute ethanol (200 ml) by warming on a water bath. 
Anhydrous potassium acetate (5,0 g) was added to the 
above solution and the mixture was heated under reflux 
for 2 hours. The resulting light yellow coloured solution 
was poured into crushed ice-water mixture and the white 
precipitate thus obtained was filtered under suction and 
air dried. Recrystallization from methanol afforded 
(CXXIX) as fine needles (4. 0 g), m.p, 132°; '^max. 
243 mji (log e 4.l)(lit.^^^ m.p. 132°). 
Cholesta~4.6-dien-5~one (OXXVI), 
(A) 6B-Bromocholest-4-en-3-one (CXXIX)(1,0 g) was 
dissolved in pyridine (5 ml containing AgNO^), and 
the reaction mixture was kept in the dark for 48 hours. 
It was then poured into ice-water mixture and extracted 
with ether. The ethereal layer was washed successively 
with water, dil. hydrochloric acid, NaHCOg solution (5^) 
and water and dried (anhydrous Fa2S04). Removal of the 
solvent furnished an oil which was chromatographed over 
neutral alumina (25 g). Blution with petroleum ether 
and petroleum ether + benzene (10:1) afforded the dienone 
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(CXXVI) as plates (200 tag), m.p. 79-80°j "Xmax. 283 mji 
(log £ 4.4)(lit.m.p. 80-81°). 
(B) A mixture of cholesterol (3.0 g), activated 
manganese dioxide (3.0 g) and "benzene (300 ml) was heated 
under reflux for 24 hours. Manganese dioxide was removed 
"by filtration and washed several times with hot chloroform. 
The combined organic extract (filtrate and washing) was 
concentrated under reduced pressure to obtain an oil 
which was chromatographed over neutral alumina (50 g). 
ELution with petroleum ether and petroleum ether-benzene 
(4:1) provided the dienone (03DCVI) which was recrystallized 
from methanol (200 mg), m.p. and mixed m.p. 80-81°. 
(C) To a solution of 6R-Bromocholest-4-en-3-one (CXXIX) 
(1.0 g) in alcohol (60 ml, 95^) was added sodium acetate 
(400 mg) and the mixture was kept at its reflux temperature 
for 4 hours. The solvent was removed under reduced 
pressure and the residue extracted with ether. After 
usual work up, the crude product was chromatographed over 
neutral alumina (25 g). The petroletim ether and petroleum 
ether + benzene (2sl) eluates furnished, the dienone (CXXVI) 
(200 mg) which was recrystallized from methanol, m.p. 
and mixed m.p. 79-81°. 
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The Schmidt reaction of cholesta-4,6~dien-3'-one (CXXVI); 
5-Aza"A-hoinocholesta~4a«6-dien-4-one (CXryill)» 
(A) TO a mixture of cholesta-4,6-dien-3-one (OXXVI) 
(1,0 g)^  sulphuric acid (1,2 ml) and sodium dried benzene 
(? ml) was added sodium azide (240 mg) virith continuous 
stirring with a glass rod. A brisk reaction ensued and 
after one hour the reaction mixture was poured into 
crushed-ice water mixture, The benzene layer was separated 
and the aqueous layer extracted several times with chloro-
form and the organic extracts were combined together. The 
combined extract was washed with water and dried over 
anhydrous sodium sulphate. Removal of the solvents under 
reduced pressure afforded a solid (275 mg) which was 
chromatographed over neutral alumina (7.5 g). Blution 
with benzene-ether (2j1 and Isl) gave a small amount of 
a compound, m.p. 144-146° which was not investigated 
further. Further elution with chloroform gave the lactam 
(CXXVIII), which was recrystallized from methanol (200 mg), 
m.p. 240-42°; - 85°,- S)max. 3200(]!ra) j 1660, 
1618, 1580 cm"^ (-GH=C-C=0-8-5rH-); ggg ^^  max. I 
(log £ 4.26). 
Analysis. Pound : C, 81.32? H, 10.7. 
^27^43^® requires : 0, 81.55; H, 10 
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(B) A mixture of (GXXVl) (1.0 g) in polyphosphoric 
acid (ca 60 g; freshly prepared) was heated to a tempera-
ture of 50-60° and sodium azide (200 mg) was added slowly 
with stirring. The reaction mixture was kept at this 
temperature for 10 hours and then poured into ice-cold 
water. The product was taken in chloroform and the 
chloroform extract washed with NaHGOg (5^) and water and 
dried (anhydrous NagSO^^), Removal of the solvent under 
reduced pressure gave a solid material which was chromato-
graphed over neutral alumina (25 g). Elution with henzene + 
ether (2:1 and 1:1) gave the compound, m.p. 144-46° 
(ca 10 mg). The eluates from chloroform gave the lactam 
(GXXVIII) (150 mg), m.p. and mixed m.p. 240-242°. 
The Schmidt reaction of 6p-'bromocholest-4-en-3-one (OXXIX). 
(A) To a mixture of the hromoketone (CXXIX) (1.0 g), 
sulphuric acid (1.2 ml), and dry "benzene (7 ml) was added 
sodium azide (240 mg) and the reaction mixture allowed 
to stand at the room temperature for 1 hour. It was poured 
into crushed ice-water mixture and the organic material 
was extracted with ether. After usual work up of the 
organic extract, the crude product was chromatographed 
over neutral alumina (20 g). Elution with benzene gave the 
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unchanged ketone (CXXIX) (50 mg), m.p. and mixed m.p. 
130-32®. The eluates from benzene + ether (2:1) gave a 
veiy small amoiint of the compound, m.p. 144-46°. Further 
elution v?ith chloroform furnished the lactam (GXXVIII) 
(150 mg), m.p. and mixed m.p. 240-242®. The u.v. and 
i.r. spectra of this product were identical with those of 
the lactam (CXXVIII) obtained in previous experiments. 
(B) A mixture of the ketone (CXXIX) (1.0 g) and poly-
phosphoric acid (ca 60 g) was heated to a temperature of 
50-60®. Sodium azide (200 mg) was added to the above 
mixture in small portions and the reaction mixture was 
kept at 50-60® for 10 hours. Usual work-up procedure 
gave a solid material which was subjected to column 
chromatography over neutral alumina (20 g). Elution with 
benzene + ether (2:1 and Itl) furnished a small amoimt of 
the compoxmd melting at 146®, further elution with chloro-
form provided the lactam (CXXVIII) (175 mg), m.p. and 
mixed m.p, 240-242®, 
Gholesta-4.6-dien-5-one oxime (CXXVII). 
(i) A mixture of cholesta-4,6-dien-3-one (OXXTI) 
(300 mg), ethanol (15 ml), hydroxylamine hydrochloride 
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(750 mg) and sodium acetate (1.2 g) was heated under 
reflux for 2 hours, The reaction mixture was poured 
into ice-cold water and the solid material thus obtained 
was filtered under suction, washed thoroughly with water 
and dried, Recrystallization of the crude product from 
methanol gave the oxime (CXXVll) as needles (150 mg), 
m,p, 179-180® (lit.^^® m.p, 174-175°), 
(ii) A mixture of 6p-'bromocholest-4-en-3-one (CXXTX) 
(1,0 g), ethanol (15 ml), hydroxylamine hydrochloride 
(2,5 g) and sodium acetate trihydrate (4,0 g) was heated 
under reflux for 4 hours. The solid product obtained on 
pouring the reaction mixture into ice-cold water and 
filtered, washed thoroughly with water and dried. Recrys-
tallization of the crude product from methanol afforded 
the oxime (CXXVII) (250 mg), m.p. 179-180°, Mixed m.p, 
determination with another sample of the oxime (CXXVII) 
obtained from (CXXVI) showed no depression. 
Thin layer chromatography (petroleum ether + ether, 
1:1) of the oxime (CXXVII) showed two close spots indicating 
the presence of two isomers in the approximate ratio of 
1:3. The oxime (CXXVII) (1.0 g) was subjected to column 
chromatography over silica gel (30 g). Elution with 
petroleum ether + ether (5:1) gave a solid (700 mg), m.p. 
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150-152°, which was recrystallized from methanol (6S0 mg), 
m.p. 154-155°. Its thin layer chromatogram (petroleum 
ether + ether, 1:1) showfed two adjacent spots indicating 
the presence of two isomers in the approximate ratio of 
1:5. 
JUialysis. Found : G, 81.4; H, 10.68, IT, 3.4. 
Calcd. for CG^H^^HO: C, 81.55; H, 10.90; N, 
IHxrther elution of the column with petroleum ether + ether 
(5:1 and 4:1) gave a solid substance (210 mg), m.p. 
210-212°. Recrystallization from methanol raised the 
m.p. to 214-215°; t.l.c. (petroleum ether + ether, 1:1) 
showed it to "be a single entity. 
Analysis. Found : C, 81.45; H, 10.72; H, 3.43. 
Oalcd. for Cg^H^^^O: C, 81.55; H, 10.90; H, 3.5?$. 
The Beckmann rearrangement of the oxime (CXXVIIa, 
GXXVIIb). m.p. 155°. 
To a solution of the oxime, m.p. 155°^  (1.0 g) in 
pyridine (10 ml; freshly distilled over KOH) was added 
p-toluenesulphonyl chloride (1.0 g) and the reaction 
mixture was allowed to stand for 15 hours at 15-20°. 
The reaction mixture was worked up by the usual procedure 
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and the solution of tlie crude product in a small quantity 
of petroleum ether + benzene, 5:1) was allowed to stand 
over a column of alumina (25 g) for 1 hour. ELution with 
petroleum ether + benzene (4:1 and 2:1) gave the anti-
oxime tosylate (CXXXb) (300 mg) which was recrystalii zed 
from petroleum ether with a trace of benzene, m.p. 116-
118°, ^max. 1600, 1170, 1080, 860, 780 cm~^. 
Analysis. Pound : C, 74.2: H, 8.7; N, 2.32. 
Cg^H^gNOgS requires: C, 74,05; H, 8.89; N, 2.54^. 
Further elution with chloroform provided the lactam 
(OXXVIII), recrystalii zed from methanol (60 mg), m.p. and 
mixed m.p. 240-242®. 
Attempted Beckmann rearrangement of the anti-oxime 
tosylate (CXXXb). 
The anti-oxLme tosylate (CXXXb) (200 mg) in 
petroleum ether-ether was allowed to stand over a column 
of alumina (7.0 g) for 6 hours. Elution with petroleum 
ether-benzene (4:1 and 2:1) gave the unchanged oxime 
tosylate (CXXXb) (185 mg), m.p. and mixed m.p. 116-118°, 
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The Beckmann rearrangement of the syn-oxime (GXXVIIa)» 
m,p. 214-15°. 
A solution of the syn-oxime (GXXVIIa) (1.0 g) in 
diy pyridine (10 ml) was treated with p-toluenesulphonyl 
chloride (1.0 g) and the mixture was allowed to stand in 
the dark for 15 hours at 15-20®. It was poured into 
crushed ice-water mixture and extracted with ether. The 
ether extract was washed successively with dil, sulphuric 
acid, NaHOOg solution (55^ ) water and dried (anhydrous 
NagSO^). Evaporation of the solvent gave a semi-solid 
material which failed to crystallize. A solution of the 
crude product in a little petroleum ether + "benzene mixture 
was allowed to stand over a column of alumina (25 g) for 
1 hour and then eluted with petroleum ether and petroleum 
ether + benzene (Itl). These eluates provided no product. 
Further elution with chloroform furnished the lactam (CXXVIII) 
(450 mg) which was recrystallized from methanol (400 mg, 
40?^ ), m.p. and mixed m.p. 240-242*^ . Its u.v. and t.l.c. 
were identical with those of the other sample of the 
lactam (CXXVIII) obtained earlier. 
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3-A2a-A~homo~5o(--chole8tan-4-one (OXXHI) by catalytic 
hydrogenation of (QXXVIII). 
A solution of the lactam (CXXVIII) (100 mg) in 
absolute ethanol (20 ml) containing Pd/C catalyst (5^, 
250 mg) was shaken in an atmosphere of hydrogen at 40 Ih 
p.s.i, for 12 hours. The catalyst was removed "by filtra-
tion and the filtrate was poured into ice-cold water. 
The product was extracted with ether and the ethereal 
solution was washed with water and dried (anhydrous FagSO^). 
The crude product obtained on eraporation of the solvent 
was chromatographed over neutral alumina (2.5 g). Elution 
with ether + chloroform (4:1 and Isl) and chloroform gave 
the lactam (CXXXII), recrystallized from ether + chloroform 
as needles ( 68 mg), m.p. and mixed m.p, with an authentic 
sample of (CXXXII) 296-98°; + 40° (lit.^ *^^  m.p. 
294-296°). 
Analysis. Poimd : C, 80.35; H, 11.7. 
Oalci. for Cg^H^^NO: C, 80.7; H, ll,Q<fo, 
Cholest-4-en-5-one oxime (CXV). 
A mixture of cholest-4-en-3-one (XLIII) (1.0 g), 
ethanol (60 ml), hydroxylamine hydrochloride (2.5 g) and 
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sodium acetate trihydrate (4,0 g) was heated under reflux 
for 30 minutes and then allowed to cool. The crystalline 
material thus separated was collected by filtration, 
washed thoroughly with water and air dried. The crude 
product (750 mg) was recrystallized from methanol as 
plates, m.p. 150-152° (lit.^ '^^  m.p. 152°). 
The Beckmann rearrangement of cholest~4~en-5-one oxime 
(XGV)i 5-aza-A~homoGhole3t-4a-en-4-one. 
The oxime (OXV) (m.p. 150-52°, 1.20 g) was added 
as quickly as possible with stirring to purified thionyl 
chloride (10 ml) at -10°, and the solution immediately 
poured into 41T-potassium hydroxide at 80°. The 
yellowish product was filtered off, washed with water, 
dried and crystallized from chloroform-ether, to give 
3-aza-A-homocholest-4a-en-4-one (200 mg), m.p. 250-252° 
(lit.^ "^^  m.p, 252-256°). 
3-Aza-A^homo-5o<'-cholestan-4-one (CXXXII). 
3-Aza-A-homocholest-4a-en-4-one (250 mg) was shaken 
in hydrogen with palladium charcoal (250 mg) in absolute 
ethanol (50 ml) for 12 hours. The catalyst was removed 
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by filtration ajad the filtrate worked up in the usual 
way to yield, after recrystallization from chloroform-
ether, the lactam (CXXXII) (190 mg), m.p, 295-296°; 
^ 4oO (iit.127 ^^^^ 294-296^ C^J^ + 41°). 
Analysis. Found : C, 80.78; H, 11,60; N, 3.51. 
CgyH^ yOir requires : C, 80.70; H, 11.80; N, 3.50?^ . 
5^-Choiestan-one oxime (CXXXIll). 
A mixture of 5o<-cholestan-3-one (XLVII) (1.0 g), 
ethanol (60 ml), hydroxylamine hydrochloride (2.2 g) and 
sodium acetate (3.5 g) was heated under reflux for 2 hours. 
The solvent was removed under reduced pressure and the 
residue was diluted with ice-cold water. The crude 
product thus precipitated was filtered, washed with water 
and air dried. Recrystallization ffom methanol gave 
(CXXXIII) as shining plates (620 mg), m.p. 200° (lit.^ '^ ^ 
m.p, 197-201°). 
Beckmann rearrangement of 5o<-cholestan-3-one oxime 
( CXmil): 5-Aza-A-homo-5x-cholestan-4-one (CXXXII). 
55<-Cholestan-3-one oxime (CXXXIII) (1.2 g) in dry 
dioxan (37.5 ml) was warmed to 40° and thionyl chloride 
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(1,2 ml) added with stirring during 5 minutes. The mixture 
was kept at 40*^  for a further 10 minutes, then made 
alkaline by saturated sodium hydrogen carhonate solution. 
The mixture was further diluted with water and extracted 
with a large excess of ether. Working up in the usual 
manner furnished a solid (1.1 g)(two spots in t.l.c.) 
which was chromatographed over neutral alumina (30 g). 
Elution with "benzene and benzene + ether (4:1) gave an 
oily substance (100 mg); elution with benzene + ether 
(1:1) and ether gave the unchanged oxime (OXXXIII), m,p. 
and mixed m.p, 200®. Elution with ether~chloreform (1:1) 
and chloroform gave 3-aza-A-homo-5o^-cholestan-4-one (CXXXII) 
(580 mg), m.p. and m.m.p. 294-95° (lit.^ "^^  m.p. 294-296°^. 
Analysis. Found : 0, 80.78; H, 11.60; N, 3.51. 
Og^H^^ON requires : C, 80.70; H, 11.80; N, 3.50^ .. 
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R E S U M E 
P A R T-I 
Previous work from this laboratory has shown that 
the Bamford-Stevens reaction of 3p~acetoxy-5o<-cholestan-
6-one tosylhydrazone (I) in ethylene glycol gave, after 
acetylation, 3p-acetoxy-6c<-(2'-acetoxyethoxy)-5o<'-cholestane 
(II) as one of the products. 
(i) Na-H0(CH2)20H 
(ii) ACgO-Pyridine 
H = 
HTs 
OCHgCHgOAc 
(I) (II) 
In an attempt to synthesise (II), 3B-acetoxy-6,6-
ethylenedioxy-5o(-Choi est ane (III), was reduced with LiAlH^-
AlGlg in diethyl ether. Ihe reduced product i.e. the diol 
(lY), on acetylation furnished. 3p-acetoxy~6p-(2'-acetoxy-
ethoxy)-5o(-cholestane (Y), an epimer of (II), The structure 
of the ether (V) was compatible with spectral data (n.m,r. 
and i.r,) and its behaviour towards BP^ - ACgO, 
- 2 « 
AcO 
(III) 
Pyridine 
0(CH2)g0H (0H2)20A 
(IV) (V) 
BPg^ A^CgO 
V 
Mo reaction. 
This observation that liAlH^ - AlCl^ reduction of 
the ketal (III) follov/ed "by acetylation yielded exclusively 
the axial ether (V) prompted us to study the stereochemical 
course of the reduction by cleaving ketal rings at different 
positions in a steroid nuclews . 
Lithium aluminium hydride - aluminium chloride (isIt 
reactive reducing species AlHgCl) reduction of 3,S-ethylene-
dioxycholest-S-ene (VI), 3,3-ethylenedioxy-^-cholestane 
(VII), 6,6-ethylenedioxy-.5o<-cholestane (VIIl), I'-methyl-
3,3-ethylenedioxycholest-5-ene (IX) and 3^-chloro-6,6-
ethylenedioxy-5o(-cholestane (X) gave the glycol ethers(XI), 
(XII), (XIII), (XIY) and (XV), respectively. The structures 
of these products have "been established by their spectral 
properties and chemical transformations as shown below: 
- 3 « 
(i) LiAlH^ - AlCl^ Reduction of 3t3-ethylenedioxycholest-
5-ene (VI). 
(VI) 
TsCl ^ 
Pyri dint 
(CH2)20H 
(XI) 
ACgO 
yridine 
Jones reagent 
(GHg)20Ts 
(XVI) 
liAlH, 
(CH2)20Ac 
t 
(XXI) 
Nk 
BPg-ACgO 
0 
CHg-COOH 
(XIX) 
CHgNg 
CHg-COOMe 
CHgCHgO' 
(XVIII) 
A 
CHgCHgOH 
(XXII) (XX) (XVIII) 
« 4 -
(ii) LiAlII^-AlCl^ Reduction of 5«5-ethylenedioxy-
So^-cholestane (YII). 
(GH2)20H 
(XI) 
Jones reagent 
(012)20AC CHg-COOH 
(XX?) 
(i) BFg-ACgO 
(ii) 'OH 
(XXVI) (XXVII) 
(XXIII) 
CHg-COOMe 
(XXIV) 
- 5 « 
(iii) LiAlH^-AlCl3 Reduction qf 6,6-^thYilenedioxy~5o<. 
ctiolestajie (VIII). 
Pyildine 
(VIII) 
0(CH2)20H 
(XIII) 
H 0(CH2)20Ac 
( x r c x ) 
BPg-ACgO 
No reaction 
(iv) XiAlH^-Al0l3 Reduction of liinethyl~3«3--ethylenedl03ar~ 
cholest-S-ene (IX). 
IiAlH4 
AlCl, 
HGC-CH-CHGOH 
(IX) 
AC3O 
(XIY) 
Jones reagent 
H3C-CH-CH2OTS 
H^O-CH-CHgOAc (CH,) H3G-CH-COOH 3^2 
(XXXIV) 
BP3-AC2O 
(XXII) 
HjC-iH-COOMe 
(XXXIII) 
(XXXI) 
(CH2)gCH0H 
(XVIII) 
- 6 « 
(v) IlAlH^-AlClg Reduction of gp-chl0r0-.6«6~ethylenedi03gr-
5o<-oholestane (X). 
(X) 
Ha-Amyl 
8,1 coil ox ^ 
CHgCHgOH 
(XV) 
ACgO-Pyridine 
Ac^O^ 
(XXXV) 
0(GH2)20Ac 
CHgCHgOH 
(XIII) 
No reaction. 
3o(,5o^-Gyclo-6,6-eth.ylenedioxyciiolestane (XXXVI) 
showed different behaviour towards 'mixed hydride'. 
(LiAlH^-AlClg) and yielded 3<5o<-cyclocholest-6-ene 
(XXXVII) and 3p-(2'-hydroxyethoxy)cholest-5-ene (Xl). 
(XXXVI) (XXXVII) 
- 7 « 
Synthesis of steroidal ^-hydroxyethers by the 
reaction of steroidal p-toluenesulphonate esters with 
glycols wwas also attempted, 
The reaction of cholesteryl tosylate (XVIII) with 
ethylene glycol in dioxan led to the formation of the 
hydroxy ether (XI) but similar treatment of 5o(-cholestan-
6o^-and 6j5-tosylates, (XXXVIII) and (XXXIX), gave mainly 
the product of elimination (XL). 
(XVIII) 
HOCHGCHGOH 
dioxan 
(CH2)20H 
(XI) 
(XXXVIII) (XL) (XXXIX) 
The formation of (XI) by the reaction of cholesteryl 
tosylate (XVIII) with ethylene glycol shows that nucleo-
philic displacement at C3 in (XVIII) proceeds by a 
- 8 « 
unimolecular mechanism (SN^) involving participation of 
the A-electrons of the C5-C6 double "bond. 
The almost exclusive formation of cholest-5-ene 
(XL) "by the reaction of the tosylates (XXXVIII) and (XXXIX) 
with ethylene glycol suggests that in these cases elimination 
by an process predominates over substitution, 
A mechanism of the hydrogenolysis of steroidal 
cyclic ketals with LiAlH^-AlGlg combination has been 
presented in the light of the results obtained. Formation 
of B-oriented hydroxyether in each case studied suggests 
that the course of the reduction is governed by 'steric 
approach control'. 
P A R T « II 
The Beckmann rearrangement of cholesta-3,5-dien-
7-one oxime (XLI) has been carried out previously in this 
laboratory and the product of this reaction was shown to 
be 7a-aza-B-homocholesta-3,5-dien-7-one (XLII). 
(i) TsGl-Pyridine > 
(ii) Alumina 
NOH 
(XLI) (XLII) 
- 9 « 
The present work was an extension of the Schmidt 
and the Beckmann reactions to cholesta-4,6-dien-3-one 
(XLIII) and its oxime (XLIV), respectively. 
The Schmidt reaction of cholesta-4,6-dien-3-one 
(XLIII) gave 3-aza-A-homo-cholesta-4a-6-dien-4-one (3CLV), 
It was observed that 6p-bromocholest-4-en-3-one (XLVI) 
under the similar reaction conditions gave the same lactam 
(XLV). 
(XLIII) (XLV) (XLVI) 
The Beckmann rearrangement of cholesta-4,6-dien-3-
one oxime (XLIV) by the method of Craig and Naik also 
afforded 3-aza-A-homocholesta-4a,6-dien-4-one (XLV), The 
structure of the lactam (XLV) was determined by (a) its 
spectral properties and (b) by its conversion to previously 
known 3-aza-A-homo-5o(-cholestan-4-one (XLVI) by catalytic 
hydrogenation. 
HOK 
i)TsCl~Pyridine 
(ii) Alumina 
(XLIV) 
